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Precision vacuum-fusion apparatus is used at Battelle Memorial Institute to determine O and N (1 ppm) and H (0.1 ppm) in metals. 
Studies aid control of fabrication and gas evolution during irradiation from U, Th, Zr, Ti, Mo, and other metals used in reactors 





Ready to go 
CVC’s portable high vacuum 


pumping unit 


Say you want to produ t vacuum on the order 
of 1 x 10-° mm Hg tn an experimental vessel such 
as anh cle tron tube 


With this compact, “‘packaged’’ unit all you 


do is wheel it in (it’s mounted on casters), con- 
} 


nect it to electrical and water outlets and you're 


ready to go. Attach the vessel you wish to ex- 


haust, throw a switch and in a few minutes you 





have your vacuum 
This new unit its CVC's Laboratory Tube- 


Exhaust Unit, Type MCF-60. Completely self- 

contained, it includ a mechanical pump, a 

three-stage fractionating oil diffusion pump, and 
! 


semi-automatic controls 

The entire unit is mounted in a steel frame 
work which has a transite top so that an oven 
can be lowered over the vessel for bakcout or an- 


nealing. Provistons can be made for pressure 


Ra 


~* > Ass chee ahas sheets 


measurement. And it requires little experience to 
keep the unit in steady us 

This unit can save you much costly time and 
technical manpower in solving the numerous 
problems involved tn fitting together the com 
ponents of a high vacuum system that would do 
a similar job. To find out more about this unit or 
any equipment for the production, measurement 
and use of high vacuum, write to Consolidated 
Vacuum Corporation, Rochester 4, N. Y. (A 
subsidiary of Consolidated Engineering Corpo 
ration, Pasadena, Calif. ) Sales offices: Menlo Park, 
Calif. *« Chicago, Ill. « Camden, N. J. * New 
York, N. Y 


Designed for long, trouble-free operation, 
CVC's Laboratory Tube-Exhaust Unit, Type MCF- 
60 is readily accessible from the rear. A single 
mechanical pump serves both for rough pump- 
ing and backing the diffusion pump. A cyclic 





solenoid valve provides semi-automatic oper- 
ation. A safety device isolates the diffusion 
pump from the tube port whenever pressures be- 
come too high. 
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Consolidated Vacuum Corporation 


high vacuum research and engineering 


Want me nformation Use post card on 








*. areeew dun PEPER TOe & FETOM TR FIee Coors 


JEROME D. LUNTZ, Editor 

Ethel Pelzer, Associate Editor 

C. J. Mosbacher, Jr., Associate Editor 
Alan R. Liss, Assistant Editor 

Thomas L. Cramer, Assistant Editor 

Nancy E. Purves, Editorial Assistant 

Harry Phillips, Art Directar 

Jack Gordon, Associate Art Director 
George B. Bryant, Jr., Washington Office 
Joseph Van Denburg, Jr., World News 


KEITH HENNEY, Editorial Director 


H. W. MATEER, Publisher 

WALLACE B. BLOOD, Manager 

R. S. Quint, Buyers Guide Manager 
N. F. Cullinan, Promotion & Research 
D. H. Miller, J. Girdwood, New York 
Wm. S. Hodgkinson, New England 
Warren W. Shew, Philadelphia 

C. D. Wardner, Chicago 

J. L. Phillips, Cleveland 

T. H. Carmody, R. C. Alcorn, San Francisco 
Carl W. Dysinger, Los Angeles 
Ralph C. Maultsby, Atlanta 


J. E. Blackburn, Jr., Director of Circulation 


FEBRUARY * 1953 


Vol. 11, No. 2 


Dual-Purpose Reactors: First Step 
in Industrial Nuclear Power Development. . 
CARROLL A. HOCHWALT and PHILIP N. POWERS 


Absolute Beta Counting of Thick Planar Samples. 


R.G. BAKER ond L. KATZ 


Low-Energy Gamma-Ray Sources. 


R. WEST 


Applications of Kicksorters. 
G. W. HUTCHINSON 


Energy Absorption in Human Tissue by Nuclear Processes 
with High-Energy X-Rays. 
R. J. HORSLEY, H. E. JOHNS, and R.N.H. HASLAM 


Design of a Control System for a Low-Cost Research Reactor. 
T.E. COLE 


Shaped Sources for Teletherapy Units. 


M.BRUCER, W. G. POLLARD, H. LEITER, and H. SCARF 


High-Energy Nuclear Physics. 


BERNARD T. FELD 


Wear Studies of Irradiated Carbide Cutting Tools. 


B. COLDING and L.-G. ERWALL 


Uranium-Graphite Lattices. 
E.A. GUGGENHEIM and M. H. L. PRYCE 


A Scintillation-Counter Power Supply 
Offering Long-Time Stability 


ALBERT B. SPERRY 


Cross Sections 


Preparation of a Tritiated Self-Luminescent Material . . . 
1. A. BERSTEIN, W. BENNETT, M. FIELDS, ond E.C. FARMER 


Self-Calibrating Pipette for Remote Colloidal Au'"* Transfers. . . 
L. E. PREUSS 


A Simplified Liquid-Sample Geiger Counter. . . 

J.U. HIDALGO, S.B. NADLER, and R. T. NIESET 

Vacuum Cleaner for Radioactive Decontamination. . . 
F, R. HOLDEN, R. K. SKOW, and J. TODD 

Estimating Exponential Decay. . . 

L.H. KROHN 


Punched-Card Classification of the Nuclides. . . 


J.J. BONINO and K. M, LAING 


Determination of Film Exposure by Activation of Ag'’’... 
1. B. BERLMAN 


Departments 


EDITORIAL 9 LETTERS 
sooe Fa PATENTS...... ; 
NUCLEONIC EVENTS. ssee OO PRODUCTS AND MATERIALS. . 








NUCLEONICS (with which is consolidated “Atomic Power" and “Atomic Engineer 
ory, 1953, Vol. 11, No.2. Publication Office: 212 East York St., York, 

Advertising, and Circulation Offices: 330 W. 42nd Street, New York 36, 
N.Y. Published monthly by McGraw-Hill Publishing Company, inc. Entered as 


ing”), Febr 
Pa .; Edit 


second cicoss 


act of Mar 


All rights 


Vice President 


Secretary 


ch 3, 1879 


reserved 


matter December 17, 1947, in the Post Office at York Pa., under the 


Copyright 1953 by McGraw-Hil’ Publishing Company, inc. 


Curtis W. McGraw, President; Williard Chevalier, Executive 
Joseph A. Gerardi, Vice President and Treasurer; John J. Cooke, 


Paul Montgomery, Senior Vice President, Publications Division; Raiph B 


Smith, Vice President and Editorial Director; Nelson Bond, Vice President and Director 
of Advertising; J.E. Blackburn, Jr., Vice President and Director of Circulation. Allow 
at least one month for change of address. All communications about subscriptions 
should be addressed to Director of Circulation, 330 West 42nd Street, New York 
36, N.Y. Price per copy $0.75. Subscription rates United States and U. S. Pos 
sessions $8 for | year, $12 for 2 years, $16 for 3 years Canada, $10 for 1 year, 
$16 for 2 years, $20 for 3 years. Latin America, $15 for | year, $25 for 2 yeors, 
$30 for 3 years. All other countries, $20 for | year, $30 for 2 years, $40 for 3 
yeors. Member of ABC. Member of ABP 





Typical installation of Stokes Vacuum Pumps 


Stokes Microvac Pumps... 
hasic to Vacuum Processing 


High volumetric and mechanical efficiency 
make these famous pumps economical and reliable 
units in any vacuum system 


Send for new Vacuum Calculator for rapid slide-rule 
calculations. Includes standard ABCD log scale. Also 
send for Catalog 700, ‘‘Stokes Microvac Pumps for 
Capacities of Stokes Microvac Pumps run from 15 to High Vacuum,’’ with copious reference material. 
500 cfm ... pressures to 10 microns absolute. Power 

consumption is low and the top-mounted motor contributes 

to compact design requiring minimum floor space. 


Lubrication of the four moving parts (including the exhaust valve of 
corrosion-resistant Teflon) is fully automatic. 

There are no stuffing-boxes or grease-fittings, and no packing. 

Parts are precision-finished, standard and interchangeable. 
Freedom from wear assures years of trouble-proof service. 

Stokes is the only manufacturer of equipment for complete vacuum 
systems, including Microvac mechanical pumps, oil diffusion 
pumps, McLeod Gages and Vacuum Valves. 

Consult with Stokes on the application of high vacuum 

to vacuum melting, casting, sintering, heat-treating, 

and de-gassing; to vacuum metallizing, gaseous 

diffusion, emission equipment and to other 

purposes for which vacuum deserves study. 

F. J. SroKes MACHINE COMPANY, 

PHILADELPHIA, PA. 


STOKES MAKES Plastics Molding Presses / industrial Tabletting and Powder Metal Presses / Pharmaceutical Equipment / Vacuum Equipment / High Vacuum Pumps and Gages / Special Machinery 
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There’s a 10-turn Helipot 


to meet your requirements 


(SOS) 


With the development of the original HELIPOT— 
the first multi-turn potentiometer—an entirely new principle of 
potentiometer design was introduced to the electronic industry. 
It made possible variable resistors combining high resolution and 
high precision in panel space no greater than that required for 
conventional single-turn potentiometers. 


The Helipot High resolution and precision settings require a long slide 

lle wire. But by coiling a resistance element into a helix, it 
Principle ee is possible to gain desired resolution and precision without 
wasting panel space. This principle is applied in various Helipot models 
with slide wires ranging from 3 to 40 helical turns. 


Advantages are immediately apparent. In the case of the widely-used 
10-turn Model A Helipot, for example, a 45” long slide wire—coiled 
into ten helical turns—is fitted into a case 134” in diameter, and 2” in 
length. Another advantage of the 10-turn pot is that, when equipped with 
a turns-indicating RA Precision DuopiaL, slider position can be read 
directly as a decimal, or percentage, of total coil length traversed. 


A AN Ad 
No. of turns ] 10 10 


10 ohms to 100 ohms to 
300,000 ohms 250,000 ohms 


Resistance Range 100 ohms to 
50,000 ohms 
Resistance Tolerance 
Standard + 5% + 5% 
Best +1% +1% 
*Limearity Tolerance: 
Standard +0.5% + 0.5% + 0.5% 
Best +0.05% + 0.025% + 0.1% 
(1K ohms (5K ohms above 5K ohms) 
and above) and above) 
5 watts 5 watts 2 watts 
3600° +-4° 3600° +-1° 3600° +-12° 
0° 0° 0° 
3600° -+-4° 3600° +-1° 3600° +-12 
0° 0° 0 
2 oz. in 1.0+.3 07. in 75 o7. in 
} 1.5 o7. in 0.6-+.3 oz. in 60 o7. in 
Net Weight 402 407 1 o7 


tie. INDEPENDENT LINEARITY. The above linearity tolerances are based on the fol- 
lowing definition recently proposed to clarify and standardize nomenclature related to 
precision variable resistors. ... “Independent linearity is the maximum deviation in per- 
cent of the total electrical output of the actual electrical output at any point from the 
best straight line drawn 
through the output 
versus rotation curve, 
(This line shall be 
measured through the 
extent of the effective 
electrical angle.) The 
comaaery quuve 69 - slope and position of 
the straight line from 
sreason ve — which the linearity de- 
arreoumanins cuave 7 

oF ronmnomnms viations are measured 
must be so adjusted as 
to minimize these de- 

viations.” 





10-Turn Helipot Highlights 


From the basic Helipot principle, model variations 
have been developed to meet new requirements: 


Model A Helipot 


the original 10-turn Helipot — 
provides a resolution from 12 to 
14 times that of conventional 
single-turn potentiometers of 
same diameter (154), lineari- 
ties as close as +0.05% in re- 
sistances as low as IK ohms. 


The same multi-turn principle is also available in 3 turn units 
(Model C), and larger-diameter units of 15 turns (Model B), 
25 turns (Model D), and 40 turns (Model E)—a type for every 
application from 5 ohms to 1 megohm 


al 


Model AN Helipot 


an ultra-precision version of the 
basic 10-turn Helipot. Produced 
in volume to extremely close 
electrical and mechanical toler- 
ances, this unit features preci- 
sion ball bearings (Class 5), 
servo mounting lid, plus linear- 
ity tolerance as close as +0.025% 
as low as SK. A 43-turn unit 
(Model CN) is also available. 


Models AN and CN are particularly recommended for precise 
servo-mechanism applications and represent the most ad- 
vanced design and highest quality available today in the field 
of precision potentiometers 


r 1b + 84 





Model AJ Helipot 


a 10-turn miniature Helipot only 


4%” in diameter, weighs 1 oz., has 


slide wire 18” long. Also avail- 
able with servo mounting (Model 
AJS) and servo mounting with 
ball bearings (Model AJSP). 
Linearities as close as + 0.1% 
as low as 


Designed for long life under severe operating conditions, the 
AJ Series is widely used where small size and weight are vital. 


> THRE AL 


Design details on above units are subject to change without notice 
Certified drawings available upon request 


QOnly_Helipot is able to supply—in volume—multi-turn helical 
potentiometers with special features to meet your particular 
needs . . . Special Shafts, Extra Spot Welded Taps at any posi- 
tion, Ganged Assemblies (except AJ), Special Temperature Co- 
efficients, etc. Send us your requirements! 


For complete details contact 
your nearby Helipot represent- 
ative. Or write direct. 


Ml censoearties 


A subsidiary of Beckman Instruments, Inc 
SOUTH PASADENA 19, CALIFORNIA 
Field Offices: Boston, New York, Philadelphia, Rochester, Sch tady, Cleveland, Detroit, Chicago, St. Louls, 


Los Angeles, Seattle, Dallas, High Point, N. C. and Fort Myers, Florida. tn Canada: J. S. Root, Toronto. 
Export Agents: Frathom Co., New York 36, New York. 
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When Space is at a Premium and 
Performance is Essential... 


THESE RESISTORS DO THE TRICK! 


Cramped by small space and big requirements? Take a look at 8 pygmy 
resistors that make room for reliability anywhere. All were developed 
by IRC to fill specific wants. Many meet JAN or MIL Specifications. 


And all are available on short delivery cycles. 








New Boron- Carbon PRECISTOR — 


Ultimate j 
in Stable Non-Wi 

-Wire 
Type BOC— Boron. — 
meets the most Critic 
conforms to 


Carbon PRECISTOR 
a! circuitry needs— 


_ Small, Deposited Carbon 
ompositio PRECISTOR 


ixed 
Nest Fixe 
Sma : in the World Type DCC—'4, 1 and 2 watts —Com- 
Resistor bines accurac i 
$s y and economy with high 
stability, low voltage coefficient, low R 
capacitive and inductive reactance in ae ee 
high frequency applications. Resistance nomprete detell, 
body size %'' x %)''. Excellent for 
circuits where carbon compositions ore 
unsuitable and wire wound Precisions too 
large or expensive. Designed to meet 
— nt Specification MIL-R-10509A. 
v echnical j i i 
sete ry information in Data 


%'" x Shy!" 


Data Bulletin B-6. 








sed + 
Bulletin ta 


pation— 


attage Diss! 


to JAN-RW-TYPC® 
onds 2Va"" Higher 


for High W 
Sing 


_CorresP 


- Fixed oro 


$ 
Data Bulletin Cc. 


INTERNATIONAL RESISTANCE CO. 
419A N. Broad Street, Philadelphia 8, Pa. 


In Canada:—International Resistance Co., Ltd., Toronto, Licensee 
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Low Level Contamination 


SAMSON ALPHA SURVEY METER 
OFFERS THESE FEATURES FOR 
SURFACE MONITORING: 


High Sensitivity 

lon chamber window .0002” (.66 
mg /em*) thick passes alphas down 
to 2 Mev and betas down to .05 Mev. 
Window located only %” above 
flat surface. Ranges 0-500 /2500 /12.- 
500 CPM for alphas; corresponding 


mr /hr. 


The Raychronix Model D-5 Survey Meter, shown 
here with the D-5A_ beta-gamma probe (optional), 
has been redesigned to give even more reliable moni- 
toring performance. A completely new plug-in metal 
battery box features screw type contacts on the long- 
life mereury cells — offering freedom from contact 
corrosion troubles. 

The stainless steel bottom sereen with 80% open 
area’is now wrapped over the sides of the instru- 


OA 
RAYCHRONIX 








RADIOACTIVE PRODUCTS INC. 


radium gamma ranges 0-0.7/3.5/17.5 


Three tube, 100° negative feedback 
amplifier with electrometer input 
has gain of 3500. 

Unusual Stability 


Humidity effects are degenerated. 


Eight-hour drift is only 10% full 
scale. 

Rigid structural design and an im- 
proved battery box minimize tran- 
sient mechanical effects. 
Simplifies Monitoring 

Samson’s light weight (5 Ibs). large 
1’ x5". ion chamber window, and 6” 
fan meter combine to enable rapid, 
easy survey of contaminated surfaces. 


ment for both rigidity and to permit taping if de- 
sired. The sereen is easily removed for decontamina- 
tion. 

Also featured is a new sure-grip handle with flash- 
ing light to indicate when instrument is operating. 

For the full details on these and other Samson 
features, why not send today for the Samson technical 
bulletin and full Raychronix catalog. No obligation, 
of course. 


eee eee eee eee eee eee ee eee eee eee ee 


Please send me your latest catalog. 


Name 

Title 

Company 
Address 


Zone State 


ee ee eee eee eee 


ee 


441 W. Congress °¢ Detroit 26, Michigan 
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PRESSURE 
MM.OF MERCURY 


ONAL RESEARCH CORPORATK 


Model No. 511 
Price: $345.00 


Versatile New Alphatron VACUUM GAUGE... 


NEW LOW COST—WIDER RANGE 


BATTERY OPERATION eliminates expensive power SMALL VOLUME. Net addition to your vacuum sys- 
supply, improves accuracy and stability by removing vari- tem about 50 cc. 

eer cee Soe ee Peet MEET. SMALL, LIGHT, PORTABLE. As convenient to use 
1000 TO 0.0001 mm HG READINGS. Wider as it is accurate and dependable. Write for more infor- 


range than previous models. Full scale deflections at mation 
1000, 100, 10, 1, 0.1 and .01 mm HG absolute. All 


scales linear. *Reg. U.S. Pat. OF ee 
QUICK START. Only a few seconds warm-up time (DUSTRIAL AESEARCH - PROCESS a Sareauney - peutenahen 
. ver ' | OISTILLATION 
= < 


required. Convenient ‘‘on-off"’ operation saves batteries. COATING » APPLIED PuYsiCs 








Special switch permits instant check of battery condition 


on meter. National Research 
PERMANENT ACCURACY of + 2°% {ull scale. Long 


. 
half-life ionization source insures permanent mainte- Co r p ora t ion 


nance of original factory calibration 
INSTANT RESPONSE. Tracks pressure fluctuations EQUIPMENT DIVISION 


with negligible time lag Seventy Memorial Drive, Cambridge, Massachusetts 
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TYPE N522 RATEMETER 


This is a precision counting-rate meter incorporating an input amplifier 
and a built-in variable high-voltage supply. It requires only the addition of a 
G.M. tube or scintillation counter to form a complete counting equipment. This 


new instrument is a development from the Ekco type 1037 which it replaces. 


SPECIFICATION 


INPUTS. The unit operates from positive pulses 
within the range §v to sov. An amplifier is provided 
for use with G.M. tubes and has switched gains of X2, 
X10 and X50; this operates from negative pulses 


DISCRIMINATION AND PARALYSIS. The 
discriminator permits only those pulses whose 
amplitude exceeds the pre-set level to be counted, this 
level being indicated on a 34” meter The Ratemeter 
can be rendered inoperative for pre-determined 
periods of 5 microseconds, 200 microseconds or § 
milliseconds after receipt of a pulse. 


RANGES. Eight ranges are provided giving the 
following full-scale rate readings 

3, 10, 30, 100, 300, 1000, 3000, and 10, 
second 


pulses per 


INTEGRATION. A series of integrating time-con- 
stants is provided, extending to 80 seconds 
ACCURACY. For steady-rate counting the circuit 
accuracy is better than 1 and that of the meter 
is better than 1", above mid-scale 
HIGH-VOLTAGE SUPPLY. Iwo ranges, variable 
from 250 to 1000 volts and §00 to 2000 volts. Stability 
.§ tor ro”, mains variation. The maximum 
output current 1s 80 microamps up to 1§00 volts de- 
creasing to 10 microamps at 2000 volts. 
EXTERNAL POWER SUPPLIES. Power is available 
for operating an external quench unit or Scintillation 
counter, 
MAINS INPUT. 110-120 volts and 200-250 volts, 
40-60 Cc 8. 


E KG 0 ELECTRONICS 


SCINTILLATION COUNTERS - COUNTING RATEMETERS 


TUBES - LEAD SHIELDING CASTLES: LINEAR AMPLIFIERS 


U.S. Sales & Service 


AMERICAN TRADAIR CORPORATION, CHRYSLER BUILDING, 


MANUFACTURERS =e 


COLE LIMITED 


ELECTRONICS SALES 


COMPLETE COUNTING INSTALLATIONS 


RADIATION MONITORS - VIBRATING REED ELECTRO. 


405 LEXINGTON AVE., NEW YORK 17, N.Y, 
5 VIGO STREET, LONDON, W.1I, ENGLAND 
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LOW LEVEL STRAY RADIATION NEAR RADIOGRAPHIC X-RAY EQUIPMENT IS INDICATED BY THE G-E RADIATION MONITOR. 


Radiation Monitor Assures Personnel Protection 


SECTION 605-29 
GENERAL ELECTRIC CO. 
SCHENECTADY 5, N. Y. 


Please send me a copy of your new 


bulletin on Radiation Equipment, GEA-5735. 
NAME 

POSITION 

COMPANY 


a eel 


a i a tall 


The direct-reading General Electric radiation monitor 
is used to safeguard personnel by indicating the cum- 
ulative background radiation in an industrial quality 
control laboratory. Stray radiation at the work bench 
from the x-ray equipment, as well as from other radio- 
active material present in the area is indicated by the 
self-contained G-E monitor. 


Requiring no batteries, tubes, or other external 
power supply, the monitor has a range of 0-20 milli- 
roentgens and is accurate to within 10°% full scale. 
This radiation monitor can be used for back-ground 
monitoring of hot isotope laboratories, medical x-ray 
installation, particle accelerators, or any area where 
gamma radiation is a potential hazard. Manufacturer’s 
suggested retail price $49.50. Send for the new G-E 
radiation equipment bulletin by using the handy 
coupon at the left. 


GENERAL @@ ELECTRIC 




















NUCLEONICS 


ene EXPRESSED industrial interest in 
nuclear power requires an evaluation of 
whether the Atomic Energy Act of 1946 meets 
this country’s present needs for atomic energy 
development. 

When the Act was written seven years ago, 
the paramount concern of the legislators was 
that our national program fit into the frame- 
Thus, it 
was felt necessary to vest in the federal govern- 


work of an international authority. 


ment complete control of fissionable materials 
and plants capable of producing fissionable 
materials. 

To date, it has not been possible to set up an 
international control program. In addition, it 
has been announced that Russia has produced 


atomic weapons. 


| erg FACTS, combined with the record of 
safe and secure operation of Atomie Energy 
Commission production plants by industry, indi- 
cate that it is no longer necessary to prohibit 
nongovernment activity in the nuclear power 
field 

These are perhaps negative reasons why the 
statutory limitation on industrial ownership of 
power reactors should be revised. On the posi- 
tive side is the need we have to develop nuclear 
power. 

There appears to be fairly common agreement 
that within the next 25-50 years there will be 
the need for a significant new source of low-cost 
energy. Our present energy resources will not 
be able to keep up with the energy needs of a 
growing population and a growing industrial 
economy. 

Specifically, by the end of this century, the 
energy consumption of the whole world will be 
100 * 10'§ BTU per century. World 


energy reserves (coal and oil), economically 


about 


recoverable at substantially present costs, add 
up to 30-40 X 10% BTU. 
The need is apparent. Can nuclear power 


step into the breach? This depends upon 


whether tough engineering problems can _ be 
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If We Want Nuclear Power 





Jerome D. Luntz, Editor 


liched and whether costs can be brought down 
low enough. 

But we are not yet at a point where we can 
find out—mainly because there is no known nu- 


clear power plant operating in the world today. 


’ rHE PAST SIX YEARS, the AEC has concen- 
trated on military reactors (either for the pro- 
duction of plutonium or for the propulsion of 
craft). And it does not appear that the Com- 
mission intends to spend any significant sums of 
money on civilian nuclear power in the next 
several years. 

But within the past year, industry has shown 
very great interest in pressing the development 
of nuclear power. ‘The positions of three indus- 
trial groups can be summarized as follows: 

One is proceeding to attack the technical prob- 
lems before it decides to go ahead and finance 
the building of a full-scale plant. A change in 
the Atomic Energy Act would be necessary for 
the latter. 

A second has proposed a joint study with AEC 
of technical problems. If these can be licked 
and AEC would guarantee it a plutonium mar- 
ket, it would finance a full-scale plant. A change 
in the Act would again be necessary 

A third wants AEC to pay for the reactor. — It 
would pay for the generating equipment No 
change in the Act would be necessary 

It is apparent that there is no agreement as to 
which approach should be followed. It is also 
clear that if the Act were changed today in- 
dustry would not invest large sums tomorrow. 

We don’t know exactly when industry will 
be ready to finance full-scale plants (probably 
within five years). But, if we are to have nu- 
clear power reasonably soon, it is important that 
in the meantime it be made clear that the Act 
will impose no barrier. 

It is in the public interest to see that the 
$10-billion being spent on atomic energy results 
in material benefits to the public. It must be 
possible for nuclear power development to pro- 
ceed as rapidly-as possible. 









Dual-Purpose Reactors: 


First Step in Industrial Nuclear Power Development 


About three-quarters of the costs of a power-only reactor of 


the future would be the same as those of power-plus-Pu reactors 


of today. 


Dual-purpose plants—with 5-7 year Pu market 


guarantee—would yield invaluable know-how 


By CARROLL A. HOCHWALT 
Vice President 
Monsanto Chemical Company 


St. Louis, Missouri 


PHILIP N. POWERS 

Executive Administrator 

Atomic Electric Project 

Monsanto Chemical Company and 
Union Electric Company of Missouri 
St. Louis, Missouri 


INDUSTRIAL PRODUCTION of nuclear 


power at a price competitive with 
power from other sources is possible 
within the next few years. 

Design of such a plant could begin 
immediately and could be followed by 
full-scale construction if: 

@the design passes all operational 
and safety testing; 

@additional plutonium-producing 
facilities are needed to meet the gov- 
ernment’s demand; 

@necessary changes in the Atomic 
Energy Act are made. 

Under an agreement with the Atomic 
Energy Commission, we have been 
studying during the last year and a 
half the feasibility of private industry’s 
constructing and operating a nuclear 
reactor to produce both plutonium and 
electric power. According to the AEC, 
“One of the major objectives of the 
Commission’s reactor program is the 
creation of a large-scale reactor to pro- 
duce fissionable materials and 


10 


power 


as joint products.” (From our letter 
agreement with AEC.) 

As a part of our study, a variety of 
reactor have been considered. 


As a 


known today, it appears that a dual- 


types 
result, in the light of what is 
purpose reactor can probably be built 
without’ waiting for substantial ad- 
vances in technology. 

Also we believe that such a reactor 
may meet the requirement of produc- 
ing the power and plutonium so that 
the cost of each is equal to, or less than, 
the cost of 
other 
cheapest possible plutonium, and the 


producing them in any 
way. Taxpayers would get the 
electric power end of the plant would 
stand on its own feet without subsidy 
from any source. 

As one way to get started, Monsanto 
Chemical Company and the Union 
Electric Company of Missouri have 
proposed a four-point program to the 
AEC. 

1. Construction and operation of an 


The four points are: 


engineering mock-up 

2. Design of a full-scale plant 

3. A joint research and development 
program 

4. A cooperative study of legal and 
administrative problems. 

Upon the completion of this four- 
point program, we should then know 
whether we can proceed with private 
financing of a full-scale plant. Mean- 
while, costs should be appropriately 
divided between the AEC and us. It 


is expected that over-all costs would 
be less than $5-million. 

This program should be followed by 
a five to seven year agreement on the 
part of the AEC to purchase plutonium 


at a competitive price. 


Mock-up 

The first object of the program is to 
determine whether the reactor actually 
will This 


operating a 


means 
constructing pilot 
plant or, at least, a mock-up of com- 
What we are proposing has 


work as_ planned. 


and 


ponents. 
been done. Every design and 
checked. 


completely workable plant cannot be 


never 
idea must be Design of a 
done on paper alone without testing 
each operation. 

We feel that it would be unnecessary 
actually to produce small amounts of 
plutonium or power in a pilot plant. 
This 


consuming. 


would be expensive and time 
The important tests can 
without atoms. 
the engineering mock-up 
full scale but without the 


inconvenience of the 


be made 
Parts of 
would be 


splitting 


presence of 
radioactivity. 

The proposal does not include a com- 
plete pilot plant program as considered 
in the chemical industry. A_ true 
pilot plant would produce small quan- 
tities of plutonium and would involve 
elaborate security and safety precau- 
tions which atomic 


accompany any 


This would include a remote 
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site, shielding against dangerous radia- 
tion, and the duplication of usual 
services needed for any operating 
establishment. 

The mock-up could be built any- 
would not involve 
Work could 


faster be- 


because it 
of these 
and 


where 
any extras. 
much 
cause it would be unnecessary to delay 
until suitable property could be found 
and necessary service buildings erected. 


begin progress 


Full-Scale Design 

Prior to building the mock-up, 
engineering design of the final full- 
scale plant must commence. Without 
the design to go by, the individual 
Then, 


as they are tested, they can, if neces- 


components could not be built. 
sary, be changed. In other words, the 
full-scale design and the testing of the 
In 


the mechanical features of the 


mock-up must go hand in hand. 
this way, 
large plant can be evaluated on a pilot 
plant basis. Changes, if necessary, 
can be made on this small scale so that 
a practical design for the large plant 


can be evolved rapidly and effectively. 


Research and Development 

The third point proposed is a joint 
research and development program. 
Here, tests are 
needed to obtain data on the opera- 


certain laboratory 


tion and maintenance of the reactor. 
For example, a liquid metal must be 
used as a coolant instead of water. 


This 


sodium, 


would involve a metal such as 


and its possible chemical 
reactions with other materials in the 


The 
design will have to be adapted to the 


reactor must be fully understood. 


problems which such interactions may 
Although a of 
work on this general subject has al- 
AEC 


laboratories, there are other questions 


present. great deal 


ready been carried out within 


which must be resolved as the design 
and test program progresses. 

Another problem to be solved in- 
volves the performance of the uranium 
fuel elements. The method of opera- 
tion and the power level of the reactor 
will depend in part upon this perform- 
ance. To produce the cheapest plu- 
tonium, high power levels are needed 
that a maximum amount of heat 

flow the element to the 
when plutonium be- 


mi) 
from 
Also, 


comes less in demand, it may be desir- 


can 


coolant. 


able to operate the reactor for ‘‘ power 
only.” In this case, the plutonium 
would not be separated but would be 
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TABLE 1—Power Costs from Various Sources (6% Return after 52% Taxes) 





5,000 ku 5,000 kw 


nuclear diesel 
plant 
(15 yr. 

amort., 
50% 


utiliz.) 


powe rT only 
(15 yr. 
amort.,, 

50% 


utiliz.) 


Capital 


$500 /kw $200 /kw 


Amortization, 
taxes and mills/kwh mills /kwt 
insurance 9.7 3.9 

Fuel 10.0 8.0t 

Operating 3.8 3.8 

Profit and 


14.2 5 


4 


income taxes 
37.7 21 


- 


100,000 


100,000 100,000 200,000 kw 


200,000 kw 200,000 kw — standard 
coal 


fired plant 


(33 yr. 


dual purpose 
with Pu sale 
(6 yr. 


amort., 


nuclear 
power only 

(20 yr. 

amort., amort., 
85.45% 


utiliz.) 


OF 
85.5% 


uliliz.) 


85.5% 
utiliz.) 


$400 kw $125 /kw* $170 /kw 


mills/kwh mills; kwh 
3.6 1.15 
0.0 2.20t 

50 0.50 


mills/kwh 
3.8 

1.4-4.4 
1.00 0 


2.10 2.80 


15.9 6.20 6.65 


* Portion chargeable to power (Costs during 5 yr. amortization period) 
t+ Oil at 10¢/gal (70¢/million BTU) and 30% efficiency. 
t Coal at $5/ton (23¢/inillion BTU) and 36% efficiency. 





TABLE 2—-Power Costs from Dual-Purpose Reactor 


during first 


& years 


Fuel 

Power plant at $125/kw (amortiza- 
tion, property tax, insurance 

Operation 

Profit and taxes 

Total mills/kwh 


100,000-200,000 kw Electrical Capacity, 6% Return after 52 % Taxes, 5-Year Amortization 


With plutonium With sale of 


3 
0 
2 


Without 
plutonium after plutonium after 
amortization amortization 


0 0 1.0-3.5 
6 30 0. 50 
50 50 0.50 
10 10 2.80* 
20 90 4.8-7.3 


* Profit and taxes arbitrarily based on equivalent coal-burning plant $170/kw. 





retained as fuel. To do this, the fuel 
elements must be in the reactor a long 
time. Special tests are needed to de- 
termine the length of time the slugs 
can remain under the intense irradia- 
tion without distorted 
shape, or losing heat conductivity, or 
unsuitable for 


becoming in 


otherwise becoming 
further use. 

Still another problem is the safety 
of the reactor and the selection of an 
appropriate site. The possibility of 
some failure of components leading to 
overheating either for nuclear or chem- 
ical 
well as the hazard which might result. 


reasons must be determined as 
To locate the reactor in an out-of-the- 
way place would indeed be a serious 
The 


cost of a large exclusion area equivalent 
to a Hanford or Savannah River loca- 


restriction for private industry. 


tion might well be prohibitive, and it 
is doubtful that private industry could 
assume the financial risks and liabilities 
which such an area implies. However, 
we believe that through our proposal 
ways can be found to make this type of 
reactor so safe that such an exclusion 


area would be unnecessary. 


Legal, Administrative Problems 
The fourth point of the program 

administrative 

industry 


legal and 
Before private 
can proceed with its own money to 


deals with 


problems. 


construct and operate any reactor in 
which substantial quantities of fission- 
able material are made, certain changes 
in the Atomic Energy Act are needed. 
For example, the present law pro- 
hibits private ownership of any facili- 
ties which produce substantial quan- 
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tities of fissionable material such as 
plutonium. 
these 


construction 


Instead of waiting to study 


needed changes until 


might begin, time can be saved by 
approaching all problems concurrently. 
We propose, therefore, that joint study 
of the legal and associated administra- 
tive problems proceed at once so that 
they may perhaps be solved by the time 
the design, testing, and research phase 
is complete. 

The major problems are in the field 
of patent rights as well as the question 
of private ownership of reactors which 
produce fissionable materials. If the 
reactor cannot be legally owned by a 
private company, it would be difficult 
to raise private capital for it. 
there is modification of the present 
policy which forbids the granting of 
patents for any invention or discovery 
which is useful solely in the production 
or utilization of fissionable material, it 
will be easier to get the capital needed 

The adoption of the present patent 
rule is understandable for times when 
almost all inventions in the atomic 
energy field were obtained at govern- 
ment But that 
industrial participation in the reactor 


expense. now major 
field is needed, and at hand, a review 
of this 
should be 


inventions 


There 
the 


ideas 


policy is in order. 


some protection § fo! 


and other original 
developed by a company which has at 
its own expense and effort done further 
research and development work on 
nuclear reactors. 

Another administrative problem in- 
volves government regulations per- 
taining to security and public safety. 
In this case, however, the matter is 
clear. These regulations must con- 
tinue to be the primary responsibility 
of the AEC as presently required by the 
Atomic Energy Act. Monsanto 


Union Electric have recognized from 


and 


the outset that paramount security and 
safety requirements must remain where 
the Congress has put them. Private 
industry can aid in continuing to main- 
tain high 
security. 
tions have 
mind. 

Still another administrative matter 


standards of safety and 
All plans for future opera- 
with this in 


been made 


is the availability of classified informa- 
iver since crea- 
District, the 


tion about reactors. 
tion of the Manhattan 
government has been, and properly so, 
the exclusive repository of a large seg- 


atomic energy 


ment of important 
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Also, if 


information. Control by the AEC of 
those segments of reactor technology 
which still have to be kept secret must, 
Sut, for in- 
the field, 


information by 


of course, continue. 


dustrial participation in 
access to pertinent 
cleared personnel must continue to be 
permitted. 

In this 


most 


AEC has 


cooperative in supplying 


connection, the 
been 
the Monsanto-Union Electric security- 
cleared study team with all needed 
information, thus permitting full utili- 
zation of the research and develop- 
which has thus far been 


ment work 


conducted. 


Plutonium Cost 
Before 
program, preliminary estimates of the 


proposing the four-point 
cost of plutonium production in a dual- 
purpose reactor of this kind were made 
and compared with the cost in present- 
day reactors designed to produce plu- 
tonium only. 

Quite without regard to power pro- 
duction, it turns out that the liquid- 
metal cooling represents, in itself, an 
advance in technology which promises 
a reduction in costs. 

Because of the high cost of plu- 
tonium, the reactor should be designed 
and operated so as to produce it as 
cheaply as possible regardless of the 
effect on the efficiency of the power 
production. It turns out, however, 
that 
liquid-metal cooling is that, after plu- 


one of the big advantages of 


tonlum production has been optimized, 
it is still practical to generate power. 
It is in this sense that the two products 
are economically compatible. 

Unless some still cheaper method is 
first, 
plants would serve as the basis for de- 
the 

In comparing government 


found present-day government 


termining competitive price of 
plutonium. 
costs with private industry, the same 
bookkeeping methods would have to be 
used along with the same tax computa- 
tions and depreciation periods. 

To determine the cost of the power 
separately from the plutonium depends 
upon a fair and proper allocation of 
total charges so that the more expen- 
sive plutonium is in no way being 
charged for power production. 

Iixcept for fuel and operating costs, 
the charges depend upon capital in- 
vestment. The 
and the 
to plutonium. 
therefore, is the allocation of capital 


operating costs are 
fuel is 


The major question, 


small, chargeable 


costs to the power-producing end of 
the plant. To answer this question, 
the problem of producing electric power 
is temporarily ignored, and the cost of 
cooling the plutonium-producing fuel 
elements in the cheapest possible way 
is considered. 

The 


reactor which only produces plutonium 


difference in cost between a 
and one designed to produce electric 
power also is the amount which may be 
justifiably allocated to power genera- 
tion without either penalty or credit 
When this sub- 
traction is made, the answer comes out 
S100 $125 per kw of 
This 


cost ol 


to plutonium costs. 
between and 
installed 


may be 


capacity. 
with the 


coal-burning 


generating 
compared 
modern 


building large 


plants—$175 to $200 per kw. 
So far as capital costs are concerned, 
this 

purpose plant a real ady 


gives nuclear power in a dual- 
antage over a 


With 


cheap 


coal-burning plant. 
heat, the result 


indeed if it 


standard 
free would be 
power! were possible to 
amortize the nuclear power plant over 
the same long period of time which is 
customary 10! conventional coal-burn- 
othe f the 


ing plants. In words 


capital for the nuclear power plant 


could be written off over 
30 to 35 
about three to 
shown in the figure at right. 


nuclear 


a period of 
then talk 


power as 


vears, we could 


four mull 
Because 
of uncertainties in the powe! 
business, however, it is obviously de- 
sirable to return the invested capital 
aS quickly as possible. For powel sold 
at a competitive rate—say, about 6 
mills per kwh—the 


written off in about five years and still 


plant could be 


provide 6% return after taxes. 
For competitive power, about five 


years appears to be the minimum 


period which the reactor would have 


to operate to be economically feasible. 
So far as plutonium is concerned, this 
five-year amortization period is con- 
sistent with the government procedure 
of giving certificates of necessity to 
contractors where the product is in the 
defense. <A 


tificate of necessity permits five-year 


interest of national cer- 
depreciation for taxation purposes. 
Also, in planning the four-point pro- 
posal consideration was given to the 
cost ol producing nuclear power 4s a 
product from 


plutonium production. 


income 
According to 
our studies, this is not yet economically 
With 


prevailing prices, the income would be 
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without 


single 


feasible. electricity selling at 





$100/k 
An. 
capital! Fe mills 

per kwh 


$125 /kw 
ital - 


%) 


Return ofter 52% Toxes 


10 


$100 kw capital 


NORMAL PROFIT 


3 mills per kwh 


Si25/kw capitol 


20 25 


Amortization Period (Years) 


EFFECT OF AMORTIZATION PERIOD on rate of return on power production capi- 
tal, based on the assumption that power production is to pay its own way 


insufficient to return the investment in 
a reasonable time and to pay operating 
costs. Even where small amounts of 
power may be sold at high prices in 
certain areas, a diesel plant would still 
be cheaper than a nuclear power plant. 

For example, it may be that a small 
nuclear power plant capable of produc- 
ing only about 5,000 kw could be built 
for as little as $500 per kw with present 
technology. When financed to yield 
6% return after taxes, the power would 
cost 3 to 4¢ per kwh operating at 50% 
Table 1, how- 
ever, the same power could be provided 
by a 


investment of 


capacity. As shown in 


diesel electric plant with an 
$200 per kw. 
This plant could produce power for 
only a little more than 2¢ per kwh. 


The 3—4¢ figure can be immediately 


about 


reduced by building a larger plant, but 
then it would have to compete with a 
plant. If the 
100,000 to 
the 
be only 
could 
little as 13 to 
the fuel 
price is far 


modern coal-burning 


installed were 


200.000 kw. 


capacity 


capital costs for 


nuclear power plant might 


$400 per kw, and the power 


then be sold for as 
depending upon 
this 


om competitive today. 


’ 


rn-up.” Even 


As the technology advances further, 
But to accom- 
found not 
only to reduce the capital but also to 


this cost should drop. 


plish this, ways must be 


manufacture larger amounts of pluto- 
nium in relation to the fuel consumed. 


Dual-Purpose Reactors a Step 
When power breeder reactors can be 


built, fuel costs will be almost zero. 


Then the big problem which still may 
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» its value. 


remain will be how to get capital costs 
low enough. 

In principle, this more advanced re- 
actor type would be a dual-purpose 
reactor since it also would produce both 
power and plutonium. It is for this 
reason that the reactor which we pro- 
a big step 

fuel 
a practical matter, 
simply be They 
then be the 
ment for chemical separation of the 


pose to design represents 
forward. At 
would, as 


present, the ele- 
ments 
irradiated. would 
returned to govern- 
plutonium. 


When the breeder 


possible, plutonium may either be con- 


reactor becomes 


sumed as fuel or sold depending upon 
Since a breeder is really a 
dual-purpose type of reactor, the dual- 
purpose reactor of today is a real proto- 
type of the ‘‘power only” reactor of 
tomorrow. Experience with this first 
step would point the way to the capital 
reductions which will 


cost permit 


eventual production of competitive 
nuclear power. 

While the future reactor details can 
it is probable that 


such as 


only be guessed at, 
critical 
of the 
may be quite different from 


internal features 


assembly, controls, and some 
materials) 
those in the presently conceived dual- 
purpose type. But it is reasonable to 
that 
the cost of the future power breeder 
that 


duplicated or derived from the pres- 


estimate about three-fourths of 


will be for items will either be 


ently conceived dual-purpose reactor. 


As examples of these items, it is 


probable that liquid metals still will be 
used in both cases to remove the heat. 
pump 


Experience will be gained on 


design and performance, corrosion be- 

and their 
methods of 
decontaminating the 
liquid. Also, the heat exchanger may 
be very similar. 


tween the liquid metals 


various containers, and 


and purifying 
Since this is a major 
cost item, experience in this area will 
be especially valuable. The proposed 
loading and unloading systems may 
well be applicable to the early power 
breeders. Finally, there are a variety 
of operating problems, including safety, 
decontamination, security, and radio- 
any 
should be a 


active waste disposal, on which 
additional 


definite step toward more advanced 


know-how 


types, whatever they turn out to be. 
Before making the four-point pro- 

posal, consideration also was given to 

the the dual- 


purpose reactor as presently conceived 


method of operating 
after the investment has been paid off. 
Should the demand for plutonium con- 
tinue, it will then be possible to pro- 
duce it at a far lower price and tax- 
payers will benefit accordingly. As 
shown in Table 2, the cost of power also 
would drop. Power might then be 3 
mills or less so that income from the 
sale of power could be credited to the 
plutonium, thereby reducing its price 
even further. 

On the other hand, if the plutonium 
demand has dropped to the point where 
worthwhile to sell it, the 
reactor and power-plant combination 


it is not 


operated econom- 
The 


power cost would likely be in the 4-7 


probably could be 
ically on a “‘power only” basis. 


mills per kwh range, depending again 
on how long the fuel elements could 


be left 
advantage of this reactor would be its 


in the reactor. An important 


standby potential in case national 


defense again required plutonium 


Conclusion 

If there is today a continuing de- 
mand for plutonium, the dual-purpose 
plant is the next major step in power re- 


We already know 


production of nuclear 


actor development 
that 
technically 


power 1s 
possible, but the problem 
of gaining industrial participation, with 
economically sound financing, has not 
The 


a possible solution to 


been solved. dual-purpose re- 


actor provides 
this problem and also would be a major 
advance in reactor technology. For 
both reasons this program should pro- 
vide as much push toward the more 
advanced power breeders as anything 


that can be done today. 
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Absolute Beta Counting 
of Thick Planar Samples 


On the basis of previous work and 


new data, several methods are CHO 


presented for determining disinte- 
gration rates of thick beta-active 
samples to better than 20% accuracy. 


With the equations derived, self- 








scatter and self-absorption corrections 


can be made for samples thicker 








than !5 of the beta-ray range 
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je View 


Saskatoon, Canada FIG. 1. Arrangement of cylindrical counters for 47 geometry 


ABSOLUTE BETA COUNTING in end-on per minute, cpm, is related to the 


geometry of thick samples involves cor- actual disintegrations per minute of 


rections for self-seattering and self- the sample, dpm, by 
absorption. Though several facets of a as 
the problem have been separately in- (cpm) = (dpm)Gfwfafafufs (1) 
vestigated (1, 2, 3), theoretical treat- where G is the solid-angle geometry of 
ments have been unsuccessful. This the source and counter; fw, fa, fa and 
article will present an over-all experi- fx account for the influence of the 
mental approach and suggest several counter window, back-scattering, etc., 
methods for obtaining relatively aceu- and fs accounts for self-absorption and 
rate results. self-scattering of the source. It is 
Zumwalt (4) particularly, among usually assumed that fs = 1 for the 
others (6, 6, 7), has examined the thin sources used. 
factors which enter into the absolute With samples of finite mass, it is 
beta counting of weightless point very difficult to study self-absorption 
sources of high specific activity. Ac- and self-scatter separately. ‘T'o reduce 
cording to him, the detected counts the effects of self-scatter, self-absorp- 
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tion is best studied in a 4% geometry. 
For small sample thicknesses, back- 
scattering often masks self-scattering 
and leads to self-absorption curves 
which are strongly dependent on the 
Z of the back-scatterer (8). In our 
work, back-scattering was kept to a 
minimum by nylon-film sample sup- 
ports of 1-mg/em? thickness. 


Self-Absorption 

One method of study ing self-absorp- 
tion is through the use of external 
absorbers. Foils of inactive material 
of various thicknesses are interposed 
between the radioactive sample and 
he detector. The shape of the absorp- 
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tion curve depends to some extent on 
the relative positions of the sample, the 
and the detector (9, 10, 11). 

However, assuming a linear relation- 
ship of the logarithm of transmitted 
In J) versus absorber thick- 
xr), then 


absorber, 


intensity 


ness 


I = Iye-* (2) 
where the mass absorption coefficient, 
k, is measured in cm?/mg, and the ab- 
sorber thickness, z, in mg/em?, Ina 
small-angle (G < 4m), the 
shape of the initial portion of the curve 
is particularly sensitive to the experi- 
mental arrangement. It will be shown 
later that the disturbing influence is 


geometry 


scattering. 

Two methods are commonly used 
for measuring self-absorption without 
the aid of The 
first consists of precipitating an aliquot 


external absorbers. 
of activity with various amounts of in- 
active carrier on a defined area to form 
The dis- 


rates of the samples are 


pill-shaped samples (12, 13). 
integration 
then equal and the observed activities 
are a function of sample thickness only. 

The 
thicknesses of uniformly activated ma- 
terial. A measurement of the count- 
ing rate in a fixed geometry divided 
by the sample thickness gives the ob- 


ther method is to use various 


served specific activity as a function 
of thickness. 

Present investigation. Our 
is based on measurements with sources 


work 


obtained by simultaneously irradiating 
samples of the same area and different 
Self- 


shielding is considered negligible for 


thickness in our betatron beam. 


the thicknesses used. 
A good sampling of 4% geometry is 


provided by an array of cylindrical 
counting tubes shown in Fig. 1. The 
G-M tubes are matched for operating 
voltage and are connected in parallel 
so that a particle entering any tube 
initiates a counting pulse. The sam- 
ples are located on the axis of the 
arrangement and supported by a nylon 
film stretched on a Lucite framework. 
The activities studied with this ar- 
rangement are produced by photo- 
neutron reactions in the betatron beam. 
Though these are all positron emitters, 
no great difference is to be expected in 
their self-absorption and _ self-scatter 
behaviour from electron emitters. 
Discussion. The shape of the self- 
absorption curve is usually well repre- 
sented by an equation obtained from 
the assumption of exponential absorp- 
tion and elimination of self-scattering. 
Eq. 2, the 
thickness 2 


From activity from a 


sample of reaching a 
counter normal to the sample surface, 
(cpm)o,2, in 


(G < 4r) is 


narrow-angle geometry 


(epm) ss 
a | e-*vdy 
x 0 


(epm)o,: = 


(cpm )o 


3 
kz (3) 


(1 — e-*) 
where (cpm)o is the activity which 
would be observed if there were no 
self-absorption. 

If the activity is measured in a direc- 
tion making an angle @ with the normal 
to the plane source, then the effective 
sample thickness is z/cos @, and the 
counting rate is 


(epm)e,2 = (epm)o(cos 0/kzx) 


(1 — e be/coe 6) (4) 


This equation represents quite well the 


angular distribution of beta rays from 
thick sources, as will be shown later. 
It does not, however, represent the dis- 
tribution well at intermediate 
sample thicknesses. For this reason, 
measurements of the counting rate in 
large-angle geometry not well 
represented by the equation obtained 
from the integration of Eq. 4 over 
the angle involved, e.g. 98 


me) 
| (cpm )¢,« 
0 G 


where (cpm)¢,./G@ is the counting rate 


too 


are 


(epm)e,« 


2r sin 0d0 


(5) 


per unit solid angle at angle @, and z is 
the sample thickness. 

For large the self- 
absorption curves of Eqs. 3 and 5 be- 
We find that, even for 
4r geometry, the data is best repre- 
sented by Eq. 3 at all thicknesses, and 
the self-absorption coefficient so ob- 


thicknesses, 


come parallel, 


tained agrees with that measured in 
narrow-angle geometry 

In the 4r geometry of our work, the 
specific activity does not exhibit a 
maximum at small sample thickness 
due to (Fig. 2). A 
curve of the form (1 — e~*)/s is fitted 
to each of these results by taking the 
ratio of x to s, which gives 


self-scattering 


1 —e* 
(cpm) 4x,2/(cpm)az,0 = _ 
The average value of s/z is the value 
of k for the fit. A plot of k 
versus the beta-ray end-point energy 


best 

on log-log paper gives a straight line 

(Fig. 3) which can be represented by 
k = 0.0155E,,)" em?/mg (6) 


This may be compared with empirical 
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Self-absorption curves taken in 47 geometry 
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FIG. 3. Calculated absorption coefficients 
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FIG. 4. Dependence of kR on beta-ray end-point energy, E,,,, 


according to Eq. 10 


relations given by Gleason (7), k 
0.017L,,':“ em?/mg, and Evans (14), 
k = 0.022E 1.33) em mg 
probable error of 0.2 Mey. 
Included on Fig. 3 are values of k 
Broda 


geometry cle 


within 


calculated from data given by 
(15). The 
scribed by 


counting 
Broda consists of sources 
disposed around the central portion of 
a cylindrical counter, giving essentially 
As anticipated, his self 


absorption results for electron emitters 


2m geometry. 


are in complete agreement with ours 
for positron emitters 

If the thickness of each sample is 
expressed in units of its beta-ray 
range, then the self-absorption curves 


corresponds to replacing x in Eq. 3 by 


are nearly identical in shape. 
Rt, where t is the sample thickness in 


units of beta-ray range R. The simi- 
larity of these curves implies that kR 
is nearly a constant independent of the 
Pen- 


35) have shown that ex- 


beta-ray energy E,,. Katz and 
fold (11, p. 
ponential absorption of the beta rays 
implies constancy of kR 

The range of beta rays in aluminum 
absorbers, for beta end-point energies 
less than 3 Mev, is represented by (1/ 


R 4124, 1+265-0.0954 In Bm mg /em 7 


Though this expression is written for 
aluminum holds 
accurately for absorbers of any atomic 


absorbers, it quite 
number when F# is expressed in mass 


per unit area. Combining Eqs. 6 and 7 


KR = 6.38, :'46+0.0054 a8 8 
which is not very energy sensitive ex- 
cept at very low values of F,,. This 
equation is plotted in Fig. 4 

Broda (15) tested the validity of 


16 








FIG. 5. 


Typical self-absorption curves obtained for Cu 


Mev) and Mo”! (3.32 Mev) beta rays 


exponential absorption and determined 


experimental values of the external 
half-value absorber thickness and self- 
Let- 


and ny, 


absorption half-value thickness. 
ting these be respectively &y, 
then for exponential absorption we 
have e~*§y 0.5, from which we find 
fy = 0.693/k and, for self-absorption, 

= (0.5, 


Thus, the expected ratio ol 


1 — e-*14) /kyys 
1.594/k. 
these half-thickness values is my/Ey 
2.30. 


giving yw 


Broda found individual experi- 
values of 1.8 to 2.4 


average value of 2.2. 


mental with an 


Self-Scattering 

Self-scattering, the scattering effect 
of the 
beta-ray 


source material, results in a 


angular distribution which 
the thickness 
This dependence is over and above that 
That the angu- 
lar distribution is a function of sample 
thickness first 
Collie, and 
Engelkemeir and 


depends on sample 


due to self-absor ption. 
pointed out by 


Gale (2). Elliot, 


meas- 


was 
Shaw 


Rubinson (3) 


FIG. 6. Source layers effecting beta-ray 
distribution: (a) isotropic, (b) angular, and (c) 
random distribution 


ured the angular distribution of UX, 
beta particles from plane sources of 
They found that 
Iq. 8 gives a good fit at the thicknesses 


various thicknesses 


investigated. 
The striking effect of 
scattering, and the most troublesome 


most self- 
in absolute beta counting, occurs when 
FY “self-absorption curve” is taken in 
G &K 2r) (16). 


Recent curves taken in our laboratory 


narrow angle geometry 


for high beta-ray energy are shown in 
It has been suggested that the 
initial rise in the curve is due to self- 


I ig. 5. 


(16) or the interplay of self- 
ci. 


similar effect has been observed with 


scatter 


scatter and self-absorption 
external absorbers (1 


Electron scattering may account 
qualitatively for the maximum of Fig. 
5 as follows: If an electron stream is 
incident on a thin foil 


stream is strongly scattered by thick- 


(2 <R), the 


nesses for which absorption is negligible 
tis. 27): 
vw. 

scattering increases 

thickness of foil and 
proaches an angle between 25 and 30 
At this point, the mo- 
tion of the electrons prior to emergence 


The most probable angle of 
with increasing 
traversed ap- 
degrees (18). 


is completely random, and additional 


absorbers only attenuate the beam 
intensity. 

Sample scattering layers. A thick 
radioactive sample can be considered 
to be made of three layers, a, b and ¢ 
Fig. 6). 


1. All 


surface layer, a, 


radiation originating in the 
ideally of zero thick- 
ness, has an isotropic distribution. 

2. Electrons originating within layer 
b directed the 
are not significantly scattered. 
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normally to surtace 


How- 
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Copper-62 
FIG. 7. 


ose emitted at an appreciable 
this the 
most probable angle of scattering in- 
with @. 
duces the number of betas emerging at 


ever, ( 


angle @ to direction have 


creasing 


The scattering re- 


large angles, and considering the ab- 


sorption in the forward direction to be 
negligible, the number emerging 


the 


increased. 


ap- 


proximate ly normal to surface 


must be correspondingly 
Thus self-scattering in this region re- 
sults in an increase in counting rate if 
only betas normal to the sample are 


detected (‘‘forescattering”’ in the case 
This has been 
(19) in 


1.70-Mev beta 


of external absorbers). 
Brownell 


ps2 


demonstrated by 


experiments on 


Due to multiple scattering, there 


weferred direction for motion of 


electrons from region c, i.e., all 


>a+b. It corresponds to 


iaterial in the sample below that 


which results 


ckness in complete 
Zumwalt (4, 


c) has shown that the mini- 


ision of the electrons. 


oth of penetration of electrons 


absorber, before diffusion may 


ed to have set in, is given by* 
5.9/Z) PR 


unreasonable to assume that 
From Kq. 9 it follows 


Z>13 (aluminum), a+b) 


‘he number of electrons 


Irom region € in any given 


s not altered by further 


formula authors 


Eq. 


‘oes 


than these 
the range-energy relation 
over a wider range of energies 


ilter Eq. 9 significantly 
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Zinc-63 


scattering and depends solely on the 
thickness of An 
electron, originating a distance y below 


absorber traversed. 
the surface, travels a distance y/cos 0 


in the direction @ before it emerges 


from the surface. This gives rise to a 
cos 6 distribution, represented by Eq. 4. 
alone 


To summarize, absorption 


gives an angular distribution which 


goes from isotropic at a 0 (layer a) 


to cos 6 for x large. Superposed on 
this we have the changing distribution 
from region b due to self-scattering. 
The most pronounced change in the 
distribution, from isotropic to cos 8, is 


As a 
sub- 


expected in the region x ~ b. 
result of these effects, 


tending a solid angle less than 27 at 


a counter 


the sample would record a greater frac- 
the 
thick samples than from thin samples. 

Present We 
determined the angular distribution of 
beta 
thicknesses by 


tion of emerging electrons from 


investigation. have 


rays from samples of various 


the use of a specially 
constructed apparatus similar to that 
Yaffe (20). 


small planat source Was maintained on 


used by The center of a 








0 60 $6 
Scattering Angle (degrees) 











FIG. 8. Angular distribution of beta rays 
from zirconium metal (0.9-Mev Zr*’) 


Molybdenum-91 


Angular distribution of beta particles from irradiated copper, zinc and molybdenum foils of various thicknesses 


tube 


distance from the 


the axis of the end-on counter 


and at a constant 
The window wis 
the 


sample could be approximated by a 


center of its window. 


restricted by a lead iris, so that 
point source to give an accuracy for G 
of better than 1%. 


consisting of a nylon film cemented to 


A source support 


a Lucite framework could be rotated so 
that the the 
window could intersect the sample ut 


normal from counter 
any desired angle. 

Highly active sources are required 
(greater than 20 we/cm? of sample area) 
that 
the angular distribution can 
This limited the 


number of betatron-induced activities 


in order an accurate determina- 
tion of 
be made. severely 
which we could examine. 

Results. The 
of beta particles as oa 


angular distribution 
function ofl 
sample thickness for copper, zine, and 
molybdenum foils, containing the pho 
Cu Zu‘ 


is shown in the curves of Fig. 7 


to-induced activities 
Mo*!, 
Approximate distributions 
the 


somewhat 


and 
were al “ 


obtained — for following mate 


rials with lower specific 
activities (radioisotope in parenthesis 
foils Ni 

rubidium nitrate 
(Rb**) and zirconium foils (Zr** The 


curve for Zr** is plotted in Fig. S \ll 


graphite (C), nickel 


borie acid (Qh). 


readings are normalized to unit count 
ing rate normal to the s imple 
The big 7 ire iltnost 


identical in shape when sample thicl 


curves ol 
ness is expressed as a fraction of the 
the beta ras R This i 
demonstrated in Fig. 9 where th 
plotted for the three 
30 and 60 degrees, relative 


range ol 


intensities are 
samples at 


to the normal intensfty In each case 


17 





the points may be represented by a 
to 


wider 


experimental 


ol heta 


single curve within 


accuracy. A 


range 


energies and atomic numbers for 


the samples will have to be covered 


before this simple relation is definitely 
established. 

If no,z is the counting rate of a 
the above 


sample of thickness zx in 


restricted geometry at an angle 6 


its normal, then the counting rate 
this 


angles, is 


| "n/2 
t no.2mrsin 6d6 (10 
2nr 0 


betas lea 


geometry, averaged over 


Ny 


The total number o 
then 


Ing 


the sample surface is 


N; la /G 1] 


Ny 


where G, the solid angle of the defined 
geometry, is assumed constant 

The ratio no,,/n, is plotted in Fig. 10 
for the O', Rb**, and Zr®® samples 
Again, when the sample thickness is 
the 


expressed in units of PP exper 


single curve 


mental points define a g 
Since the atomic numbers for the three 
different, the 


established 


samples are not very 


dependence on Z is not 
This dependence is not expected to be 
very strong for Z 13 
probably related to Z through ay de 
fined by Eq. 9. 

An examination of Fig. 
that the activity normal to the sample 


since it is 


10 indicates 


No,2, is twice the average for samples 
> 0.2R. While this is a neces 
condition distribu 
is estab 


with x 
for a 


cosine 


sary 
tion, the sufficient condition 
lished by the curves of Figs. 8 and 9 
We that these three 
samples, at least, the distribution re 
0.2R 
This bears out our previous discussion 
of Eq. 9. 

Two self-absorption curves of th 


conclude for 


mains cosine for all values of x > 


Zn™ beta rays are shown in Fig. 11 
ir geometry and is 
the 


0.0048 em 


One was taken in 
well represented by 
(1 — e~**)/ka with k 


The other was taken in very 


expression 
meg 
narrow- 
angle geometry, normal to the sample, 
and is well represented by the product 
and 


of self-seattering self-absorption 


curves 
(12 


where No,» n, is taken from the data of 
Fig. 10. 
following way: 

The total number of beta rays leav- 


18 


Equation 12 is derived in the 


ing the sample surface, V,, is given 


by Eq. 11. This is related to the dis- 


integration rate by 


(13) 


, ] 
(dpm) . 


Ne 


The number of beta rays leaving the 


sample surface and entering a cone of 


half angle @ is, by Eq. 5 


NO,2 r 
—— 2n sin 6d@ 
0 7 


(14) 


(cpmje,z = 


Now focusing our attention on the self- 
absorption and self-scattering correc- 
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AG. 9. 
in fractions of sample range. 


Ratio of angular intensity to normal intensity vs sample thickness expressed 
Values taken from Fig. 7 
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Ratio of normal to average intensity as a function of sample thickness 























FIG. 11. 
47 geometry 


Self-absorption curves for Zn®* beta rays taken in very narrow-angle and 
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tion factor only, we have from Eq. 1 


G(O 
(dpm) GO) ». 
4 


cpm)e,z = 


G(O 2r(1 — cos 9). Com- 


13, 14 and 15 


where 
bining Eqs. 11, 
; ] 1 — e* 
f, = a AP 
: (l — cos @) kz 
‘oe 


| Ne,2 
0 Nez 


Angle 9 is subtended by the counter 
For 0 ~ 0, 


sin 6d@ (16) 


window at the sample. 
this reduces to Eq. 12. 
A similar with Cu® 
samples gives essentially the same re- 
though in this case the experi- 
for the narrow-angle 
geometry do not fall as well on the 


experiment 


sults 
mental points 
predicted curve. 
It is important to note that a self- 
absorption curve taken in narrow-angle 
geometry with thick samples gives, on 
simple extrapolation to zero sample 
thickness, an activity which is twice 
the specific activity from a thin sample. 
Such an extrapolation is indicated by 
the dashed curve of Fig. 11. A geom- 


etry intermediate between these two 


extremes results in a self-absorption 


curve which lies between these two 


The observed activi- 
the 
and 


limiting curves. 
again be shown to be 
the 
self-scatter factors. 


The 


evaluating f, is to take a self-absorp- 


ties may 


product of self-absorption 
procedure often adopted for 


tion curve in a given geometry, gen- 
thicker than 
and to these to 
thickness, assuming exponential 
With this procedure, the 


at small sample thickness is 


" 
erally samples 


02R 


zero 


using 


extrapolate 


absorption. 
turnover 
missed, and the correction factor ob- 
tained is in error by the angular distri- 
bution effect. Since thick samples are 
nor cos @, and, from Eq. 


used, "ez 


16, the error introduced in such an 


extrapolation Is 


| 0 
[ cos 6 sin 6d6 
COS 0. 0 


sin? O 


(17 
1 —cosO “a 


This 
for O 


factor varies from unity (no error) 
that 
100% error) for 0 ~ 0 


90 degrees, is 27 geom- 


etry. to 2 


Counting Procedures 

With the methods to be outlined, it 
is hoped that the absolute disintegra- 
be obtained to better 


tion rates 
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may 


than 20% accuracy. This is not as 
poor as it may seem if it is compared 
to the best calibration obtainable for 
thin samples. Putman (21) has re- 
cently collected data which 
discrepancies in such measurements 
between various laboratories of 0-12%, 


shows 


averaging about 5%. 

1. When sufficient activity is avail- 
able and with defined narrow- 
angle geometry, the observed activity 
can be corrected for self-absorption by 
Eq. 3 with & from Fig. 3. Samples 
thicker than 0.2R should be used, and, 
since these have cos 6 distribution, the 
observed activity is twice the average, 
which requires a further correction 
factor of \%. 

2. Samples often vary in specific ac- 
tivity. 
activity is calibrated, either by the 


well 


If a sample of high specific 


procedure for weightless sources (4, 5, 
6, 7) or as outlined in 1, then a sample 
of very low specific activity may be 
readily calibrated by comparison to 
this source. 

The two samples, each thicker than 
0.2R, are counted in the same geom- 
etry. Since the cos 6 distribution holds 
for both samples, the same fraction of 
each activity is measured and, when 
corrected for self-absorption by Eq. 3, 
gives their relative specific disintegra- 
It is understood of course 
factors 
taken 


tion rates. 
that the 
outlined in Eq. 1 are 
consideration. 


other correction 


into 


The following equations are used for 
this type of standardization. Com- 
bining Eqs. 15 and 16 


»—kz 
€ 


2kz 


08 
Mays 
J0 v7 


z 


| 
(dpm) 


(cpm )e,z 


sin 6d@ (18) 


When two samples, a and 6b, which 
the 
are compared in the same geometry, 


then 


(' -@ “) 
(dpm). 
(cpm )a kr a 
1 — e* 
(dpm), ae 
ues ( kx 


rate 


have same angular distribution, 


(19) 
(cpm )sp 


Thus, the of the 
unknown sample, a, is easily caleulated 


disintegration 


from the measured counting rates and 
the disintegration rate of the standard 
sample, b. 

When good self-absorption curves 
are available for the two sources in the 
given geometry, that is, down to very 


thin sample thicknesses, then the ratio 
of their absulute disintegration rates 
are obtained directly without recourse 
to Eq. 3. Each curve is normalized 
to the activity obtained for its sample 
in the comparison, and the ratio of the 
absolute disintegration rates is now 
the ratio of the normalized curves at 
zero sample thickness. 

3. When only one thickness is avail- 
able of a sample whose absolute dis- 
integration rate is to be measured, and 
this thickness is less than 0.2R, the 
previous two methods cannot be used. 
Approximate normalization can be 
effected against a standard such that 
the sample and standard have thick- 
nesses which are the same fraction of 
their beta range. The correction fac- 
(for 
scattering) under these circumstances 


tors self-absorption and self- 


are equal to a first approximation, 

As an indication of the accuracy of 
this method, suppose the samples have 
a thickness of 0.1R, and kR = 5 for 
the standard and 6.8 for the unknown; 
then an error of about 15% may be 


incurred, 
* * * 
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FIG. 1. Bronze inlay in iron Assyrian helmet of the 9th Century B.C. shows up in Tm'”® radio- 
graph to be a design of human figures and symbols not previously recognizable. Radio- 
graphed by researchers at the British Museum, helmet was not suitable for normal X-ray 
inspection technique because of its hollow hemispherical shape. For Tm'’’ radiograph, 
source was placed inside helmet, film outside 


ti 


FIG. 2. Argon-arc-welded %<- 
inch sheet aluminum is subject of 
Tm'*® radiographs; good weld is 
at top, bad weld at bottom (18- 
inch range, Ilford Industrial C film) 


Low-Energy Gamma-Ray Sources 


A search for additional gamma sources for industry, medic 


ine, and research 


‘has led to consideration of the low-energy isotopes Tm'”, Am™', Eu'”, and Xe” 


By R. WEST 1,590 yr) 1.76, 1.2, 0.6 Mev; Co (5.3 
lsolope Division r) 1.33, 1.17 Mev; Ta" 117 d) 1.2 
Atomic Energy Research Establishment 1.1 Mev; Ir! (70 d) 0.65 to 0.14 Mev: 
Harwell, England Au! (2.96 d) O4L Mev; and ['* (8 d 
0.64, 0.36, 0.28, 0.08 Mev. Na?*4, 
Au’, and ['*! are limited in use by 
SINCE research, industrial, and medical — short half-life 
interests will continue to find applica The purpose of. this article is to 
tions for gamma rays in their work, it describe the results of some exploratory 
is clearly desirable that the range work where the gap in this range is 
of suitable radioactive sources be greatest, namely in the low-energy 
extended. field. The isotopes investigated were 
A requirement common to a large Cm see radiographs in Figs. 1-38 
number ol the applications Is a source (m?*! see | ig $), | uc , anal Xe 
with uncommon and often conflicting . 
characteristics, such as long life, higl Thulium 
source strength coupled with small Chulium-170 possesses suitable prop- 
source size, and near-monochromati erties, as a source of soft electromag- 
radiation. In addition, economi pro netic quanta, for Use in radiography 


f 


duction and good availability are of and for measuring the thickness of 
importance. At present, the range of materials (/). Mayneord 2) has 
available sources most closely filling demonstrated its application also 1D 
these needs may generally be given, in diagnostic radiology, by taking radio- 
order of main gamma-ray energies, as graphs with a small source’ placed 


Na** (1 1.9 hr) 2.76, 1.38 Mev: radium vithin body cavities, and has suggested 


20 


it for possible use where X-ray ma- 
chinery is not available. 

Chulium is a rare earth of the lantha- 
nide series, having a single stable iso- 
tope of atomic weight 169. It is avail- 
able commercially in small amounts in 
a limited number of compounds. — Its 
xxide was chosen as most simple and 
stable for the present work \ purity 
of 99° was found a suitable com- 
promise with the high cost of the mate- 
rial [present price in the United 
Kingdom is £108 (about $300) per gm 
Usually, however, only less than 100 
mg is needed for a source, and source 
life may be virtually infinite with 

lic re-activation in a reactor 
agreed by observers that 127- 
‘m decays by two beta com- 
ponents, one of 0.97 Mev to the ground 
state of stable Yb'"°, the other of O.SS6 
\lev to an excited state of Yb'° which 


by a 0.084-Meyv gamma ray 


}) assigns to the latter decay 
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FIG. 3. 


brat More 
recent work by Graham et al. (8), how- 
249, 


conversion data for the 0.084-Mev 


i probability of ~10%. 


ever, gives a figure of together 
witl 
gamm: showing that 3% remains 
unconverted for each total disintegra- 
tion while 5% give K X-rays of 0.053 
Mev, and 16% L and M X-rays which 
of 0.008 and 0.002 Mev. 
5. Measurements at 


using proportional counter techniques, 


1rTray, 


Will be See 


Harwell 


e a close agreement for the relative 
sion and energy values of the main 
aand K X-radiation (9). 

illicurie calibration of Tm!*° was 
by coincidence counting methods 
The result, 
ned with k-factor measurements 


r this decay scheme. 


gamma and K-radiations made 
arious air ionization chambers, 
value of approximately 45 
me at 1 em 


prepare compact sources of 
high density from the thulium oxide 


metallurgical methods 
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were 


pe wade! 


Good definition of parts is seen in Tm' 
watch, and electronic tube 


adopted. By compression at about 
10 tons to the square inch in carefully 
lubricated steel dies, a variety of small 
cylinders and disks was formed. Sin- 
tering was normally carried out in au 
using a platinum furnace, and a 
specific gravity between 7 and 8 was 
readily obtained in times ranging from 
1 to 15 


hours at a temperature ol 


FIG, 4, 


Am**! radiograph of a femur 


radiograph of quartz-fiber electroscope, stop- 


1,550 c. 


achieved 


Higher values could be 
this, but at 


1,750° C fusion with the alumina sup- 


above about 


port was found to take place. Sources 
contract a little during sintering, and 
the final products are hard and durable 

The 


Tm!’ are modified to some extent by 


characteristic radiations of 
the thickness and size of the solid source 
from which they are emitted. The two 


weak L and M conversion X-rays may 


be discounted because the will proba- 


bly not emerge from a source or its 


enclosure, but the main and 
X-radiation will be attenuated differ- 
entially in the source ace 
thickness. The beta particles 
filtered 
give rise within a source to some brems- 
about 0.25 Mey the 
which will depend on size 
This is 
illustrated by the absorption curves in 


Maina 


ording to its 
whi h 
can be when necessary, will 
strahlung of 
amount ol 
and shape of the soure 
Fig. 6, where it can be seen that with a 


radiations 
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thick source these secondar 





become significant as the softer com- 
ponents are filtered. 

Tm'”® for radiography. Tm'” is 
suitable for the nondestructive inspec- 
tion of light alloys and other materials 
within the approximate density /thick- 
ness range of 1 to 10 gm/cm*. By 
comparison with classical X-ray inspec- 
tion techniques, the use of this material 
requires long exposure times with the 
source strengths that we can achieve at 
present in the available nuclear reac- 
tors. However, radioisotopes offer a 
new approach to inspection methods 
by virtue of minute source size, ex- 
treme portability, independence from 
electrical or other equipment, and very 
As the plate voltage can be 
X-ray 


isotope may be said to be less flexible 


low cost. 
altered on an machine, the 


and more restricted in range, but 
machine-made X-rays of a continuous 
be of 


less advantage than an isotope having 


spectrum may, in certain uses, 


one or more adjacent single-line spectra. 
A typical set of exposure density 


curves for Tm!”° is presented in Fig. 7. 
These were prepared from exposures 
with aluminum step blocks, at a range 
of 18 inches with Ilford Industrial B 
film. In this work, lead intensifying 
screens were used, a front screen thick- 
ness of 0.0015 inch, and a back screen 
The 


is near the K 


of 0.005 inch being most efficient. 
radiation energy of Tm!7° 
absorption edge for gold, but the in- 
creased production of electrons with a 
gold screen is not sufficient to give a 
noticeably improved intensity. 

Figures 1, 2, and 3, which are radio- 
graphs Tm! 
illustrate the usefulness of this isotope 


made with a source, 





0.884 Mev 
B (24%) 


0.968 Mev 
(76%) 


— 
0084 Mev 
(3% unconverted) 
Stoble Yb'70 


Internal Conversion X-rays 


K 0053 Mev (5%) 
£ 0.008 Mev) ji¢%) 
M 0.002 Mevj 











FIG. 5. Decay scheme for Tm'”? 


for examination of articles of different 
materials and thicknesses. 

For the preliminary production at 
Harwell of Tm! sources for radiog- 
raphy, a cylindrical size of 2 mm X 
2 mm was chosen as a compromise be- 
tween efficient activation, high radia- 
tion output, economy of material, and 
focal size considerations. Sources of 
about 300 me each will be 
For safety and ease of handling, they 


available. 


are enclosed in standard capsules as 
illustrated on the left of Fig. 8. 

Tm'”° for thickness measurement. 
To measure the thickness of materials, 
Tm!”° can be used in the same way as 
beta sources are used in existing types 
of thickness gages, provided that the 
detector is suitably sensitive to the soft 
gamma and X-radiation. 

The useful range and order of sensi- 
tivity obtainable for this work is indi- 
cated by the attenuation curves shown 
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in Fig. 6. They represent data for 
partly collimated beams from which 
beta particles were filtered by 14-inch- 
thick Perspex. The 
Geiger-Miller tube with counting-rate 
meter, and the results were confirmed 
with an ionization chamber. With a 
scintillation counter, the attenuation 
curve is not as steep because the brems- 


detector was a 


strahlung is counted more efficiently 
than the weak radiations. 

Without filtration of the beta par- 
ticles from a source, a steeper beginning 
to an attenuation curve may be ob- 
tained, but the particles may generate 
further bremsstrahlung if they fall on 
an absorber of high atomic number. 

As a suitable shape for production 
disks of 
mm thick are 


thickness-gaging) 
t mm diameter X 0.4 
Sources of about 350 me will 


puryp pes, 


chosen. 


be available. They are enclosed in 
aluminum capsules illustrated on the 
right in Fig. 8. The design of capsule 
allows the emergent radiation from the 
two opposite faces to be the same, 
allowing use in systems employing two 
detectors, the 


standard absorber, and the other with 


one with a reference 


the unknown or variable. 


Americium 


Americium-241 appears from pre- 
liminary experiments to have useful 
properties as a source of soft radiations. 
All the known isotopes of this element 
are radioactive and are formed from 
other transuranic Am**!, 
with a half-life of 470 years, is formed 
by the plu- 
tonium, 


proportion of the 10-year half-life of 


elements. 
neutron irradiation of 


preferably for a significant 





Aluminum 


ty 


Film Dens 








3 4 5 
Curie Hours at |8-inch Range 














FIG. 6. Attenuation curves for Tm!” in aluminum (chart at the left) and in steel (chart at 


the right) 
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FIG. 7. Typical exposure density curves 
for Tm!?° with aluminum 
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Pu*4 During and after irradiation of 
Pu*4 the 


breeds’? Am?*! 


Pu2*! beta decays to, or 
with the decay half- 
life of The americium may 
be chemically extracted from the parent 
and will be carrier free. 
Che specific activity which it must 
possess may be calculated as 3.2 c/gm. 


10 years. 


plutonium 


The yield of this isotope is good, and 
ady experimental quantities have 
been prepared. It is 
assume that, with the use of plutonium- 


reasonable to 


enriched reactors, Am*4! may become 
ivailable as a by-product. 

\ complete decay scheme for Am**! 
is not yet proposed, but it is clear from 
the work of Brown and Perlman (10), 
11), and that the 
deeay by 5-Mev alpha emission is fol- 
59-kev with 
internal conversion X-rays of 
down to 14 kev. With a 
ition detector, attenuation meas- 
partly 
be if radiation gave a linear absorp- 
tion characteristic of uw = 24.8 in.~! for 
steel up to 0.15 inch in thickness and 


Prohaska others 


lowed by a gamma-ray 
some 
energies 
a int 
collimated 


urements with a 


1 OY 
rv 1.¥2 In 


for aluminum up to 1.6 
inches in thickness. 

As the radiations lie in the X-ray 
diagnostic range for the human body, 
suitable as a medical 
Figure 4 
using Am?**!, 


the isotope Is 


radiography source. shows 


a femur radiographed 
Exposure was for 60 hours at a range 
of 6 inches on Ilford Industrial C film 


with a 6-me source, 


Evropium and Xenon 

Two other isotopes for use within the 
low-energy field have been suggested: 
Xenon-133 [Mayneord (2)] and euro- 
pium-155 (12)]. Neither 
has so far been produced at Harwell in 


[Eastwood 


menta quantities, but a con- 


| 
f 


ition of the characteristics indi- 
cate their potentialities for wider em- 
ployment, and data on them are given 
here to complete, so far as is known, 
the present survey of useful or poten- 
low-energy 


tially useful gamma-ray 


Europium-155 (1.7 years) is believed 
to decay by beta-particle emission of 
uups, 0.25 and 0.15 Mev, fol- 

0.1 and 0.085-Mev gamma 
gadolinium-155 in the excited 

iZ}- tutledge, Cork, and 

16) also give evidence of two 

gamma rays of a weak intensity, 

with energies of 0.13 and 0.06 Mev, and 
Wilson and (17) 
gamma emission of 0.015 Mev, 
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Lewis propose one 


together with Gd A and L X-rays of 
0.040 and 0.005 Mev. 

Eul® 
25-min beta decay of 


the 
samarium-155 


can be obtained from 
produced from slow neutron capture 


(n,y) by Sm'**. However, in Sm of 
natural isotopic content, the neutron 
capture cross section for this reaction 
(~1 barn) is in competition with that 
of Sm" (~5 X 10* barns), and the 
yield is small. 

Fission-product Eu'®® has a yield of 
about 0.03% 


chemically, will be diluted with stable 


and, when extracted 


FIG. 8. Capsules and Tm'’® sources for 
those for thickness-gaging are at right 


Eu! and ku! which are end prod- 
ucts of chains. <A 
realistic value for the specific activity 
that should be 
approximately 100 curies per gm (12). 


samarium decay 


obtainable is given as 
Xenon-133 (5.3 days) is reported to 

, beta emission of 0.34 Mev, 
followed by a gamma ray of 0.081 Mev, 


decay by 


which is largely converted internally. 
There is also evidence for an isomeric 
transition in Xe! 


weak 


2.3 days) giving a 
of 0.23 Mev, 


Is inte rnally converted 


~4%) gamma ray 

some of which 

(JS—20). 
Xe! 


reaction 


may be prepared by the (n,¥ 
stable Xe'®*, but the 


yield is low because of the low neutron 


Irom 


0.2 barns. 
offers the 
most useful yield, and a consideration 
methods (21) suggests 
of the order of 
curie per 5 standard 
microliters and 
that the short half-life may be offset by 


from a batch extrac- 


capture section of 


CTOSS 
Fission-product material 
of extraction 
that a 
magnitude of 


concentration 


would be obtainable, 


good availability 


tion process. 
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Applications of Kicksorters 


One of the best ways of measuring particle energies is with pulse-height 


analyzers. 


This article discusses the pros and cons of different types of 


analyzers, and the application of pulse-height analysis to coincidence counting 


By G. W. HUTCHINSON 


Department of Natural Philosophy, The University 


Glasgow, Scotland 


PULSE-HEIGHT ANALYZERS, or kick 
sorters, provide astraightforward means 
for measuring particle energies. For 
such measurement, the kicksorter must 


be used in conjunction with a detector 


Energy Resolution 

The over-all energy resolution of the 
experiment cannot be greater than that 
of the The re 
tained depends on the type of particle 


detector. solution ob 


its energy, and the detector used. 
The resolution is usually limited in 

an ionization chamber by the Johnson 

associated with the 


and other, noise 


amplifier. It is limited in a propor 
tional counter by the stability of the 
voltage supply and the statistieal seat 
ter in the number of ions produced 
And it is 
counter by the uniformity of light col- 


photocathode . 


limited in a seintillation 
lection, uniformity of 
and statistical fluctuation of the number 
of electrons from the photocathode. 
The 
reduced if the 
along the track of the particle is great 


resolution of any method is 


density of ionization 
enough for recombination to be serious, 
or, in the case of a proportion il counter, 
field to be 


for the electrostatic seri- 
ously disturbed; but the density must 
not be so low that the apparatus be- 
comes too large. These 


gether with conversion efficiency for 


24 


criteria, to 


y-rays and neutrons, suggest the use of 
proportional counters for heavy par- 
ticles with energies below a few Mev 
below 


and electrons 


Ionization 


and for 
ibout 30 
should be 


above a few 


quanta 
kev. 

used for 
Vev, 


counters in all other cases. 


chambers 
heavy particles 
and scintillation 

Figure 1 shows some experimental 
resolution values The quantity bE is 
the total width (expressed as an energy) 
of the peaks obtained on kicksorter 
at the half their 
height. For ionization 
6h should be 
pendent of F. In all other 
should be VE, and 


diagrams level of 
maximum 
chambers, nearly inde- 
cases it 
proportional to 


this is seen to be roughly true. 





FIG. 1. 


Thus there are likely to be very few 


cases in which the resolution can be 
better than 1%, and there is little point 
to make kicksorters 


of scale zero or constant of 


in trying whose 
stability 
proportionality for translating channel 
number into pulse size is very much 
better than this. The linearity of the 
scale and the stability of the channel 
widths relative to each other are quite 


a different matter because errors in 
these can change the shape of the spec- 
these 


trum as distinct from its scale; 


errors should be as small as possible. 


Types of Kicksorters 
In spite of the relatively low resolu- 


tion as compared with magnetic deflec- 





Energy resolution of ionization detectors 
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FIG. 2. 


Analyzer that converts voltage 
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FIG. 4. 


measurement into time measurement 


on methods, kicksorting is often so 
much faster and more convenient 
experiments can be 
There 


for three types of 


that very many 
done most readily in this way. 
seems to be a case 
18 

gle-channel kicksorters of high 
speed 
2. Multichannel kicksorters of mod- 
speed 


erate 


3. Multichannel kicksorters of low 
an analyzer refers to 


rate at 


speed ol 


aximum which it can 


1 pulses. 
inalyzers are usually preceded by 


Ing device 


to reject pulses less 


size. For a single- 


the channel bound- 


certain 


ne analy zer, 


1 
I 
} 1] 
pe well 


spaced in voltage by 
ins of a suitable amplifier after the 

ind so the use of different tubes to 
le whether a pulse has gone over 
the lower and upper boundaries of the 
does not limit the accuracy of 


Also, the 


ition is stored as a single num- 


channe 

width seriously. 

it can be recorded in a conven- 

nal sealer or rate meter without too 
nuch complexity. 

There is no reason why the operation 

of such an analyzer should be 

an a few microseconds—or even 


less than 1 usec if necessary; and since 
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it may sometimes have to precede the 
coincidence unit in a coincidence ex- 


there is good reason to 


periment, 
exploit its natural speed 
also 


Single-channel analyzers have 


been described in which pulses are 
selected from the screen of a cathode- 
ray tube by a photomultiplier (12), and 
these may prove even faster than those 
using two discriminators. 

In multichannel kicksorters, the two 
difficulties are in defining the channel 
widths accurately enough, and in 
remembering and displaying the large 
number of separate data of a spectrum. 
The display is very important, for 
the 
analyzer are 


adjusting experimental conditions, and 


most of spectra taken on an 


only used as guides in 
are neyer taken down in permanent 
form. It is a great convenience to see 
the shape of the spectrum at a glance, 
and to reset to zero at will, both while 
setting up an experiment and while 
watching during a run. 

At Cambridge, one solution to this 
problem is the analyzer (13) shown in 
Fig. 2. It the 


type of sonic delay line which has been 


uses, as its memory, 


developed for electronic computers. 
The stored information is circulated as 
a succession of impulses in this line and 
can be injected and changed by fairly 


simple circuits so as to represent a 


trmeer re 
ee 
+ te whee nee mee ret 


ooeet 
terre 6 te ot 
eee 


# t weet teen 

own '‘ ne 

eee 8 te rene ‘ 
ee 
(mete 
wet e eenen st 


iw whe 


Display of pulse spectrum on cathode-ray 


Expanded display for reading results 


series of separate numbers, each writ 
ten in a binary scale 

Pulse sizes are sorted by comparing 
the peak amplitude of a pulse with'the 
voltage of a 


continuously changing 


linear saw-tooth waveform generated 


in the analyzer; this converts voltage 
to time measurement, 

The 
determined by 
thus by ame set of 
The the 
relative widths of the channels depends 
the 
waveform and the oscillator frequency. 

The 
times on a cathode-ray tube as shown 
Each line of dots 
represents the number of pulses in one 
2° at the 


bottom); the z-coordinate of any line is 


channel boundaries are all 


signals from an oscil- 
the 


AcCcUrACY ol 


lator, and 
components. 
linearity of 


on the comparison 


spectrum is displayed at all 


in Fig. 3. vertical 


channel on a binary scale 


a linear function of the corresponding 
pulse size. The outline of bright dots 
spectrum, 
the 


thus gives a _ logarithmic 
When the 
spectrum can be expanded (Fig. 4) 


How 


sorter have? 


reading off numbers 


many channels should a kick- 


Certainly not so many 


that the zero error of the analyzer is 
comparable with channel width; but 
It is 
number of 
the 


accuracy, 


we are not often near this limit. 
best to the 
channels which 

with 


1! 
use smaliest 


will define spec- 


more 
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channels only pile up irrelevant data. 
In this respect, this type of analyzer is 
very flexible. At a given speed of 
operation, the storage capacity per 
channel (number of binary digits) and 
the number of channels are inter- 
changeable. For a given capacity per 
channel, the number of channels is 
roughly proportional to the length of 
the delay line, and thus inversely pro- 
portional to the maximum counting 
rate. The choice can be made in both 
cases by a single switch. 

The table shows the number of chan- 
nels possible, at different values of 
speed and storage capacity, in kick- 
sorters that use a dynamic memory and 
a comparison-waveform sorting mecha- 
nism, when the interval between digits 
in the memory is 1 psec. 

Although the maximum counting 
rate is limited by the delay-line length, 
pulses can be fed into the kicksorter 
at_a much higher rate without distort- 
ing the spectrum. This is because the 
gate before the 
closed while the analyzer is digesting a 


sorting circuits is 


pulse and reopened only when it is 
In this 
random 


ready to receive another pulse. 
way the kicksorter takes a 
pulse sample, independent of pulse size. 

Spectra will be distorted either if 
pulses follow each other so closely that 
they sometimes fall on top of one 
another (when they will appear too 
large), or if they arrive when the gate is 
half open (in which case they will 
appear too small). The pulse rate at 
which these two errors become serious 
should be about the The 
reasons are as follows. 

The type of gate usually employed 
for pulses in the time range from frac- 
tions of a upwards is 
shown in Fig. 5. 
symmetrical in its operating-current 
requirements between and 
“gate” terminals, and can therefore 
be operated as fast as pulses can be 
amplified in conventional feedback 
amplifiers. The total fraction of each 
second during which the gate is in 


same, 


microsecond 
This gate is clearly 


“signal” 


process of opening or closing need not, 
therefore, be greater than the total 
time occupied by pulses, even if the 
gate is operated after every pulse. 

In the rare cases when these errors 


are serious, they can both be elimi- 
nated completely by using an inspec- 
tion circuit such as has been described 
by Kelley (14). This circuit rejects 
any two pulses falling too close to- 
gether*in time, and this can be applied 
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Possible Numbers of Channels for 
Various Maximum Counting Rates 





; Number of channels at: 
Capacity per 


channel 


6,000 600 

cps cps 
a 35 106 
2'4 = 16,400 25 78 
279 = 108 17 53 


\ 1,600 
(counts) 
cps 

400 
280 
200 





as well to the overlap of the gating 
signal with a pulse as to the overlap of 
two incoming pulses. Thus the 
of a gate need never lead to spectrum 
distortion. Most multichannel kick- 
sorters can deal with very much higher 
pulse rates if they have a gate. 

Some experiments can use a much 
slower kicksorter, and in these cases a 
mechanical one is simpler and cheaper. 


use 


Such a type has been described by 
Frisch, Scarrott and Frank (14). 

There does not seem to be any good 
case for very high speed multichannel 
kicksorters, simply because it is useless 
to accumulate data at a rate very much 
greater than that at which it can be 
assimilated, or to do experiments in a 
much shorter time than they can be 
set up. 

Suppose we have. a 60-channel kick- 
sorter with a maximum rate of 1,000 
cps, and suppose half the channels are 
counting appreciable numbers of pulses. 
If numbers in these channels are to be 
determined to 1% (which is only occa- 
sionally justified), we count 
30 X 10‘ pulses; this can be done in 
Even if the machine prints the 


must 


5 min. 
60 numbers, the information would be 
far more than the experimenter can 
assimilate in 5 min. If only a small 


part of the information is required— 














FIG. 5. Gate for pulses shorter than a 
microsecond 


say the height of one peak—this often 
means that the analyzer is not being 
used to the best advantage. The un- 
wanted information can usually be 
excluded by adjusting the amplifier and 
bias settings and using a kicksorter of 
fewer channels. 


Coincidence Experiments 

The half-life of short-lived nuclear 
found by 
rate be- 


states can sometimes be 


measuring the coincidence 
tween two detectors as a function of 
the (variable) delay introduced into 
the circuit between one detector and 
the coincidence unit. This is prefer- 
able to use of a coincidence circuit 
without delay, and with variable re- 
solving time, for the same reason that 
a single-channel kicksorter is preferred 
to a discriminator—because it gives 
information of greater statistical sig- 
nificance in a given time. 

Delayed coincidence counting is most 
useful up to times of the order of milli- 
seconds; for longer times, the permis- 
incon- 


rate becomes 


However, there must 


sible counting 
veniently low. 
be only a small probability that an- 
other nucleus in the sample will radiate 
during a time comparable with the 
characteristic interval between emis- 
sion of the particles whose delayed 
coincidence is being measured. 

All measurements of this kind, and 
also all measurements of slow-neutron 
cross sections by time-of-flight methods, 
can very easily be translated into 
experiments in pulse-size analysis by 
the type of circuit shown in Fig. 6 (16). 
In this way, multichannel kicksorting 
techniques can be used with great ad- 
vantage, because a range of time 
intervals can be investigated at once 
instead of one after another. 

The shortest time that can be meas- 
ured depends on the rise times and 
random delays of the pulses from the 

The limit to the precision 
with which 
recorded by this method 
given (17) as about 3 X 107!° sec, 
it appears that this limit has nearly 


detectors. 
in time a pulse can be 
has been 


and 


been reached. 

Very many interesting nuclear states 
have half-lives much shorter than we 
can so far measure. We can, however, 
get information about them by doing 
coincidence experiments on particles 
which are emitted in the formation of 
the state and on its breakup. All 
angular-correlation experiments are in 
this class, and since these form a large 
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FIG. 6. Use of a kicksorter in coincidence experiments 


part of current nuclear work, the tech- 
nique of coincidence counting is very 
The chief requirements 
are fast detectors and coincidence cir- 


important. 


cuits to increase the counting rate at 
which the number of random coinci- 
dences approaches the true coincidence 
rate 

The random rate is 
NiNA(T; + T2 — 270), where N,; and 
N, are the total numbers of counts per 


coincidence 


second in the two detectors, 7’; and 7’, 
are the lengths of the pulses (idealized 
as square) which they transmit to the 
coincidence gate, and 7'5 is the mini- 
mum pulse-overlap time needed to 
produce an output pulse. 

The real coincidence rate is kn*e,€> 
where n* is the rate at which the source 
emits either of the two types of particle 
whose coincidences are being measured, 
are the over-all efficiencies 
The factor k 
is determined by the ratio of 
T,— 27») to the uncertainty 
of the relative time of emission of the 
particles, and of the delays in the 
detectors and circuits; k tends to unity 
this Thus the 
ratio of random to real counts is 


and €; and e 
of the 
(<] 

(T, + 


two detectors. 


when ratio is large. 


NNT, + T2 — 27) 


kn*e,€o 


If we consider the factors of this 
expression in turn, and assume that 
conditions have been chosen so that 
k l, 
real counting rate, the real-to-random 
ratio can be improved by making N, 
and N» as small as possible, and by 
making 279 nearly equal to 7; + 72. 
Most effort is usually put into the 
latter factor, using delay-line pulse 
shapers and crystal coincidence circuits 
to make 7';, J, and 7’) all small. This 
is, of course, better, from the point of 
view of stability, than trying to make 
QT T, +7. while all are large. 
3ut having made 7’; and T; as small as 
possible, the shortest resolving times 
can then be obtained by selecting 7’o. 
This is effectively what is done in a 
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we can see that for a constant, 
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circuit described by Bay, Meijer, and 
Papp (18), in which a normal coinci- 
dence circuit is vetoed if a pulse is 
produced from a circuit measuring the 
presence of a signal from either detector 
in the absence of a signal from the 
other. 

The reduction of N; and N» may be 
just as important as the reduction of 7 
in improving the real-to-random ratio. 
If the detectors give negligible back- 
ground counts in the absence of the 
source, then N, nie, and No = Neo, 
where n,; and mn» are the rates of emis- 
sion, by the source, of particles to 
which the two detectors are sensitive. 
In this case 

NN2/n*e€2 


where a; = n,/n* 


* 


N\no/n* = ayaen* 


and Qe = Ne in? 
Since n* is fixed for a given real count- 
ing rate, the only factors we can hope 
to reduce are a; and a@». 

The first way to do this is to purify 
the source as much as possible, and to 
make each detector sensitive to only 
one type of particle by a suitable choice 
But there 
are still often several different energies 
the 
source, only one group of which will be 


of detector and screening. 


of, say, y-quanta emitted by 
in real coincidence with the particles 
firing the other detector. Under these 
circumstances, the use of single-channel 
kicksorters in one or both arms of the 
coincidence circuit may often be worth 
while (19), 
solving time, since this is effectively a 
way of reducing a. 

A still better solution would some- 
times be to use a multichannel kick- 
the shown in 
True coincidences are then recorded in 


even at some loss of re- 


sorter in way Fig. 7. 
one or more distinct peaks of the pulse 
spectrum, while the rest of the channels 
give a continuous check of the random 
rate. 
the resolving time is limited by the 
gate circuit, and not by the pulse- 
height analyzer, which can often be 


In this case, as we have seen, 


quite slow. 
The other consideration in reducing 
the random-to-real ratio is the detector 


analyzer 











FIG. 7. Reduction of ratio of random to real coincidences 


background. This increases N,N in- 
dependently of real counting rate. 
The random delays in scintillation 
counting are smallest when the coinci- 
dence circuit works at a level corre- 
sponding to the emission of very few 
electrons from the photocathode—in 
the limit, to the emission of the first 
electron of a pulse (20). Thus in fast 
coincidence work, there is a tendency 
to increase the gain of the multipliers 
or decrease the bias level of the coinci- 
circuit; but as the “single- 
electron limit” is the 
background count increases very 


dence 
approached, 


sharply, and the increase in N,N» may 
very quickly offset the decrease in 7’, 
This is a point which must always be 
considered very carefully when trying 
to improve the counting rate in a 
It may even 
well sometimes to use a slower 


coincidence experiment. 
pay 
phosphor if it will produce larger pulses 
which can be separated more easily 
from the better 
resolution of particle energies. 


background, or a 


*_* * 


This article is based on a paper presented 
at the Third Instruments and Measure- 
ments Conference, Stockholm, Sweden, Sept. 
22, 1962. 
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FIG. 1. Cross section for reaction 
O!“7,n)O!® as function of energy of inci- 
dent photon 


i6 20 
Photon Energy (Mev) 
FIG. 2. Modified bremsstrahlung spec- 


trum at peak energy of 24 Mev (from 
reference 4) 
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FIG. 3. Neutron intensity from O'° with 


betatron operating at maximum energy‘of 
24 Mev 


Energy Absorption in 
Human Tissue by 
Nuclear Processes with 
High-Energy X-Rays 


Cancer patients undergoing treatment with a 24-Mev betatron 
have been studied to determine the biological effect of the 


additional ionization resulting from photonuclear processes produced by the 


high-energy X-rays. 


By R. J. HORSLEY 
H. E. JOHNS, and 
R. N. H. HASLAM 

Physics Dept., University of Saskatchewan, 


r Commission 


and Saskatchewan Cance 
Saskatoon, Saskatchewan, Canada 


S1ncE 1949 the 24-Mev betatron at the 
University of Saskatchewan has been 
used to treat certain advanced types 
of cancer. The main biological effect 
is attributed to energy absorption in 
the conventional manner, that is, by 
the Compton effect and pair produc- 
tion, which results in the production 
of high-speed positrons and electrons 
These high-speed electrons and_posi- 


Total absorption is not appreciably increased 


trons lose energy by causing ioniza- 
With high-energy 
involving 


tion in the tissue. 
X-rays, other 


nuclear absorption of the photons, and 


processes, 


emission of energetic neutrons, protons 
These 


dense 


ind alpha particles are possible. 


energetic particles can cause 
ionization along their paths and could 
conceivably add to the biological effect 

In 1949, Mavneord, Martin 
Layne (1) considered the effect of the 
to the 


Since that time photo- 


and 


energy absorbed due induced 
radioactivity 
nuclear cross sections have been meas- 
ured in this laboretory and elsewhere 
the 
elements, and we are now in 
to examine this 


detail. It is the purpose of this paper 


for many of low-atomic-number 
a pesiticn 


problem in. greate: 


to estimate the total energy absorbed 


effects with 
indicate its 


in tissue due to nuclear 
high-energy X-rays, 
importance in relation to the energy 


and 
absorbed in the conventional manner. 


Composition of Tissue 
\ percentage composition by weight 
that 


gen make up 


of wet tissue shows hvdrogen, 
and OX) 
In the caleula- 


9 
12% 


aha oxvgen éO%o) are 


carbon, nitroger 

99° of the tissue 
tions that follow, only carbon 
nitrogen (4° 
is no nuclear 


conside red be enuse there 


beorption in hydrogen. The nucleai 
processes in the less abundant elements 
of tissue will be neglected since thei 


contribution must be small in com- 


parison to that of carbon, nitrogen, and 
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TABLE 1 
Mev Bremsstrahlung 


r gram per 100 r 


(y,a@) 


Energy Absorbed in Tissue with 24- 


Ne itron 
yield per 
aemeene 100 r per Varimum 


gm of positron 


Total 


energy 


Lsoto pe at 
4 (Mev) 


Vet 


Isotope 
Cs ; 2X 10° 0.99 
Ni 25.6 X 104 1.24 
Ow ¢ 3 &X 10* 1.638 


TABLE 2—Energy Absorbed from Activity Induced in One Gram of 
Isotope, with 24-Mev Bremsstrahlung 


Energy 
Total ene rqgy 
ahsorbed due 


to induced 


absorbe d 

due to 
Energy annithila 
Vean 
energy 


(Mev) 


activity 
100 r 


absorbed tion 


(ergs radiation per 


qr) (ergs,qm (ergs (gm) 


0.33 0.19 05S 0 OS 
0.41 0.17 0.41 0 44 
0.56 0.25 0.45 0.55 








Only nuclear processes con- 
the C!, Ni4 (pts 


isotope s need be considered. 


oxygen 


nected with and 


24-Mev Bremsstrahlung 

A nucleus, after capturing a high- 
energy photon, may emit a neutron, 
proton, or alpha particle, or combina- 
tions of these particles, providing the 
energy of the incident photon is greater 
than the threshold energy for the emis- 
With 


radiation, mainly single-par- 


sion of the particle, o1 particles. 
24-NMe 
ticle emission need be considered for 
C! N'4 and O'F, 


for two-particle emission is very small, 


since the cross section 


or the reaction has too high a threshold. 
These ejected particles may have 
large kinetic energies. 


For example, 
when an O' nucleus captures a 24-Mev 
photon and emits a proton, the differ- 
Mev and 


for 


energy between 24 
the threshold 
emitting a photon, must be shared by 


ence in 


12.2 Me, energy 


the recoiling nucleus and the emitted 
The energy of the 

in this case would be 1546 X 
11.07 Mev. The kinetic 
of the recoiling nucleus would 
3 Mev. On the other hand, 
ilpha particle or neutron were emitted, 
gies of 16.6 and 8.4 Mey would be 


proton kineti 
proton 


11.8 Vie oO! 


ene! 


a 
‘ 


be 0 if an 
ene! 
between the recoiling nucleus 
emitted 
neutron, respectively. 


hared 
shared 


ind the alpha particle or 


In some cases, however, it might be 
he energy to be shared is only 
f the difference in energy be- 
tween the incident photon energy and 

reshold value. The remainder 
would appear in the form of several 
energy de-excitation photons as 
xcited nucleus settles down into 
state. Most of the latter 


would be absorbed by the tissue 


ground 


in the conventional manner. 
In the case of neutron emission from 


the nuclei, the 
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ionization in the tissue 


the 
neutrons 


will not be caused by neutrons 


The 


slowed down mainly by collisions with 


themselves. will be 


hydrogen nuclei, which then cause 
ionization in the tissue. 

In the calculations that follow, it is 
that all the 


energy between the incident photon 


assumed difference in 


and the threshold energy is absorbed 
Then the 
value obtained for the energy absorp- 


by the surrounding tissue. 


tion will be an upper limit. 


Calculations 

Figure 1 the 
curve as a function of the incident pho- 
ton energy for the reaction O!(y,n)O' 
as determined in this laboratory (8). 
The the 24-Mev 
strahlung spectrum is based on a 
formula due to Schiff that gives the 


shows cross-section 


shape of brems- 


relative intensity in the forward direc- 
tion as a the betatron 
Johns et al. (4) have modified 


function of 
energy. 
this spectrum to allow for absorption 
donut, a monitor 
ionization and 4 
Lucite. The results were then multi- 
plied by the the 
Victoreen r-meter and normalized to 
make the total dose 100 r. 
malized bremsstrahlung spectrum ob- 


in the betatron 


chamber, em of 


response curve of 


The nor- 


tained in this way is shown in Fig. 2. 
The amount of energy given to the 

tissue through the 

O'® when tissue is irradiated with 

X-rays of peak energy 24 Mev, will be 


example. If 


(y,n) reaction in 


determined as an one 
takes the product of the ordinate a of 
Fig. 1, 
number of neutrons liberated per atom 
of O" 100 1 Mev interval at 
energy FE. If we the 
the neutron receives all 


) 


and b of Fig. 2, one obtains the 


per pel 
assume for 
moment that 
the avaiJable energy, then the energy 
given to the neutron is the difference 
between the threshold energy Er and 
the energy of the interacting photon EZ. 


Kr) the 
which is the neu- 


The ab(k 
ordinate ¢ of Fig. 3, 
tron intensity per 100 r per atom of O'* 


Lives 


product 


per Mev interval. 

The area under the curve of Fig. 3 
the total 
neutrons. In actual 


energy imparted to 
fact, 


some of this energy reappears as recoil 


gives 
however, 


energy and perhaps also in the form of 
de-excitation photons, but the value 
of the area still represents the energy 
absorbed due to the 
The value of the area expressed in ergs 


(y,m) process. 
per gram of O'* is shown in Table 1. 
for absorbed 
per gram of C™ and per gram of N'* due 
to the C'%(y,n)C™ and N'4(y,n)N' 


reactions are also tabulated (3, 4) 


Similar values energies 


Similar calculations have also been 
made for (y,p) reactions in carbon, ni- 
trogen and oxygen. The cross section 
for C'*(y,p)B" has been determined by 
Mann Halpern (6). 
tion for the O'%(y,p)N! 
N'4(y,p)C™ reactions are not available. 
However, the O'8(y,p)N"? cross-section 


and Cross-sec- 


curves and 


curve (7, 8) is known, and it is assumed 
that the shapes of the O'(y,p)N 
N"(y,p)C” curves 
Curves latter 


and 
cross-section are 
for the 
reactions have been plotted and made 
O'(y,p)N" 


similar. two 
identical in shape to the 
curve but starting at the appropriate 
calculated threshold energies for the 
two (¥,p) The 
values for these curves were obtained 
from the work of Mann and Halpern 


reactions. absolute 


(9) who measured the proton yield with 
23.5-Mev 


polating between their values for car- 


bremsstrahlung. By inter- 
bon and magnesium, we have estimated 
the proton yield from nitrogen and 
The the 
assumed cross-section curve was deter- 
the calculated 


oxygen. absolute value of 


mined by normalizing 
proton yield to the value obtained from 
Mann and Halpern’s data. The en- 
ergy absorbed due to the (y,p) 


reuce- 
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tions in N'4 and O"* as determined from 
these calculated cross-section curves is 
shown in the third column of Table 1. 

Energy absorbed in tissue due to the 
C!2(7,a) Be®* and O'"(y,a)C!” reactions 
using cross-section curves obtained by 
other investigators (10, 11) is shown in 
column 4 of Table 1. 
not 
energy absorption 


Sufficient data 
the 


(Y,@) 


determine 
the 
However, this is not 


are available to 
due to 
reaction in N', 
a serious omission since only 4% by 
weight of tissue is nitrogen. 

The sum of the energies absorbed 
is tabulated in column 5 of Table 1. 
The energy absorbed per gram of N'4 
or O'* is about 2.5 times as large as the 
gram of C®, 
attributed 


energy absorbed per 
This 


mainly to energy absorbed in the (y,p) 


difference can be 
(See column 3). More en- 
and 
N" than per gram of C' because the 
threshold energies for the (y,p) 
tions in N'4 and O'*, 7.5 and 12.2 Mev, 
respectively, are lower than the thres- 


\Y;P) 


processes, 


ergy is absorbed per gram of O' 


reac- 


hold energy 16.2 Mev for the 
reaction in C!, 

In the 
particle emission from C!*, N'4 or O18, 


case of proton or alpha- 
the product nucleus is stable except for 
Be’, which disintegrates into two alpha 
particles. However, after ejecting a 
neutron, the product nucleus C!!, N! 
or O' is left in an unstable state and 
will emit a positron some time later. 
The positron will produce ionization in 
the tissue and lose its energy. 

The neutron yields at 24 Mev (3, 6) 
per gram of isotope per 100 r are tabu- 
lated in Table 2. This gives the total 
number of which will be 
The 
mum energy of the positrons in each 


positrons 
absorbed by the tissue. maxi- 
case is given but, since the positron 
may have any energy up to its maxi- 
mum value, the mean energy of the 
these 
assumed to be equal to one third the 
The 
ergy absorbed in tissue per gram of 
element is then the product of the yield 
times the mean energy of the positron. 
This value is given in column 5, Table 2. 

In the case of positron emission, the 
beta particle at the end of its path will 
unite with a negative electron, and 1.02 
Mev in the form of two annihilation 
These eventu- 


positrons for calculations is 


maximum possible energy. en- 


quanta will be created. 
ally will be absorbed in the conven- 
tional manner. ‘Therefore, for every 
B+ particle emitted, 1.02 Mev of 
annihilation radiation will be created 


30 


and also absorbed if the scattering 


medium is large enough. This energy 
absorption is given in column 6. Cal- 
culations show, however, that in the 
“average patient’’ about two thirds of 
this energy will be absorbed. Conse- 
quently, two thirds of the quantities 
shown in column 6 have been added to 
those of column 5 to yield the total 
energy absorbed, in the last column. 
The energy liberated due to annihila- 
tion radiation is two to three times as 
large as that due to ionization by the 
Tables 1 


positrons. Comparison of 


IN CHECK for,induced radioactivity, counter 
is taped over patient's right anterior chest, 
which is spot where X-rays entered body 
from betatron seen at right 


and 2 shows that the energy absorption 
due to the induced radioactivity is 
small compared to that liberated by 
the heavy particles set in motion. 

The energy absorption per gram of 
isotope per 100 r with 24~Mev brems- 
strahlung due to the emission of a pro- 
ton, neutron, or alpha particle, Table 1, 
plus the energy absorbed in the tissue 
due to the induced radioactivity, Table 
2, is shown in the first three values in 
column 2, Table 3. 

Energy Comparison 

The energy absorbed directly from 
the X-ray beam per gram of tissue per 
100 r is 9,300 ergs. 
sorbed in tissue due to nuclear effects 


The energy ab- 


(27.0 ergs) amounts to about 0.3% of 
this value. the 
energy absorption, it is unlikely that 
the biological effect of 24-Mev X-ray 
radiation will be influenced by nuclear 
However, it should be 
remembered that the density of ioniza- 
tion for alpha particles, protons, and 


Hence, on basis of 


processes. 


recoiling nuclei is many times larger 
than that produced by electrons. 

One of the factors which is known to 
influence the biological effect produced 
by an ionizing radiation is the density 


of ions produced. Therefore, it proba- 
bly is not enough to compare the energy 
the different methods 


without considering the density of the 


absorbed by 
iontracks. This would be a formidable 
if not impossible task, considering the 
various types of particles involved. 
Perhaps it would be sufficient to 
multiply the energy absorbed in tissue 
nuclear processes by some 
factor which would help to compensate 
for the difference in 
However, it is very difficult to deter- 
this 
estimating its 
Most of the energy loss in tissue due to 


due to 


ion densities. 


mine factor. One method of 


value is as follows. 
nuclear reactions is caused by protons, 
alpha particles, and recoiling nuclei. 
The density of ionization produced by 
protons is less than that produced by 
alpha particles. On the other hand, 
the density of ionization produced by 
recoiling nuclei is greater. 

As a rough estimate, the biological 
effects all the 


events may be, on the average, com- 


produced by nuclear 
parable to the biological effects pro- 


duced by alpha particles. If we 
assume that alpha-particle radiation is 
ten times as effective as X- or gamma 
radiation in producing a biological 
effect, up to 3% of the biological action 
produced by 24-Mev bremsstrahlung 
radiation can be attributed to nuclear 
It is unlikely that the effect 


could be any larger than this and hence 


events. 
would be very difficult to detect. 


Chemical Changes 
It is conceivable that some biological 
effect 


changes 


might result from chemical 
due to nuclear 
lor 12 after 
turing a photon may emit a neutron 


This in turn 


transforma- 
tions. instance, ( cap- 
and so change to C!!,” 
decays by positron emission to B", 
which is stable. In one gram of tissue, 
there occur about 10° nuclear changes 
per 100 r of 24-Mev X-ray radiation. 
For an total 
7,000 r, there will be about 108 nuclear 


average dose of about 


changes per gram of tissue. Since 
there are about 10?? atoms in one gram 
of tissue, this represents a small per- 
centage change, but perhaps could be 


enough to have a small biological effect. 


Higher X-Ray Energies 
The absorption of energy in tissue 
X-ray 


energies higher than 24 Mev is more 


due to nuclear processes at 
difficult to estimate since many reac- 


tions involving the emission of more 
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FIG. 4. Percentage of total energy 
absorption in tissue due to nuclear processes 


than 


possible 


one particle are energetically 
Very little is known about 
the magnitude of these reactions. 
Recent work (12) done in this labo- 
ratory on the photonuclear reactions in 
fluorine indicate that the (7,2n) inte- 
grated cross section is about one eighth 
cross section. 


integrated 
we assume that the cross 


the y," 
this 
section of carbon, nitrogen, and oxygen 


From 


for emission of two or more particles is 
at least an order of magnitude less than 
the cross section for single particle 
In addition, experimental 
done by and Fried- 
lander (73) and Holtzman and Sugar- 
man (14) indicate that the vields of 
nuclear reactions at 50 Mev in carbon 


emission. 


work Perlman 


and oxygen, which involve the emission 
of more than one particle, are about 
one fiftieth or less the yields of reactions 
in which single particles are emitted. 
Therefore, the error in our calculations 
is small if we neglect the contributions 
from reactions involving the emission 
of two or more particles. 

On this basis, the energy absorption 
in tissue due to nuclear reactions has 
been calculated at 28, 50, and 100-Mev 
bremsstrahlung energies and the values 
obtained are also shown in Table 3. 
The details of the calculations are the 
same as for 24-Mev bremsstrahlung 
except that the modified Schiff spectra 
and 100 Mev are used. 

The percentage of the total energy 
absorbed in tissue which is attributed 
to nuclear reactions is plotted in Fig. 4 
as a function of the peak X-ray energy. 
It is seen that the maximum effect, 
amounting to about 0.6%, 
the energy region from 30 to 50 Mev. 
If we increase this value arbitrarily by 
a factor of 10, as before, to account for 


for 28, 50, 


occurs in 


the difference in ion densities, about 
6% of the biological effect may be 
attributed to nuclear reactions in the 
30- to 50-Mev 
energies above and below this region 
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energy region. At 


the effect becomes smaller. At any 
energy up to 100 Mev, however, the 
tissue due to 


energy absorbed in 


nuclear effects is relatively small. 


Clinical Observations 

Since 1949, about 125 patients with 
various advanced types of cancer have 
been treated with the 24-Mev betatron 
at the University of Saskatchewan 
(15), by Dr. T. A. Watson, Director of 
Cancer Services. No special biological 
effects 
attributed to nuclea 
ring in the patients. 
ment with our calculations. 

The induced radioactivity in one of 


were noticed which could be 
processes occur- 


This is in agree- 


these patients was measured as follows. 
A Geiger counter was fastened securely 
to the right anterior chest of a male 
patient directly over the position where 
the X-ray beam had entered his body. 
The 


dose of 


See the photograph at the left. 
received a 
The activity was 


patient had just 
408 r at 24 Mev. 
followed for one hour and the resulting 
decay curve is shown in Fig. 5. An 
analysis of this decay curve gives a 
2.1-min half-life, which is attributed 
to the 2-min O' positron activity, and 





TABLE 3—Total Energy Absorbed in 
Tissue from Reactions Produced by 
Bremsstrahlung of Various Energies 


Percent- 


age com- 


Energy Ene rgy 


in ergs in ergs 


qm of position gm of 
tissue 


per 100 r 


rsolope by we ight 


per 100r_ in tissue 


| sotope 


24 Mev 
C12 
Nis 
Qe 


28 Mev 
cu 
Ni4 
ois 
Total 
50 Mev 
ci 
Nu 
Or. 
Total 
100 Mev 
Cc 12 
Ni‘ 20 
Q's 41 
Total 





ur 2.10 


i i 





o 0 30 
Time (minutes) 


FIG 5. Decay curve of induced radio- 
activity in patient receiving 408 r at 24 Mev 


a 13.5-min activity. The latter ac- 
tivity could be attributed to a com- 
bination of the 10-min N?* activity 


and the 20.6-min C' activity. 


Conclusions 

The energy absorption in tissue due 
to nuclear reactions amounts to at most 
0.6% of the energy absorbed in the 
Most of this 
from the 
particles 


convent ional manner, 


energy absorption results 


setting in motion of heavy 


such as protons, neutrons, alpha 


and nuclei. Even if we 
arbitrarily increase this value by a 
factor of 10 to allow for differences in 
ion density, it is unlikely that nuclear 
absorption is of any appreciable biologi- 


The percentage change 


particles 


calsignificance. 
in chemical composition due to nuclear 


transformations is very minute, and 
unlikely to be of biological importance. 
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Design of a Control System 


for a Low-Cost 


Research Reactor 


The control system of the ORNL ‘swimming pool” reactor, 


basis for the design described in this article, has had two years 


of trouble-free operation. 


Most of the ionization chambers 


and other control instruments are commercially available 


By T. E. COLE 


Reactor Controls Department 
Oak Ridge National Laborator 
Oak Ridge, Tennessee 


SINCE A LOW-COST research reactor will 
be used principally as a neutron source 
(1), the control system should provide 
reproducible fluxes over a wide range 
of operating levels, as well as adequate 
protection of personnel against opera- 
tional hazards. While the 
described is basically that of the ORNL 
“swimming pool” reactor (2, 8), this 


system 


article is intended as a guide in solving 


problems encountered in designing 


such a system. The commercial in- 
struments described were not designed 
ORNL 


Proper redesign should produce savings 


specifically for the reactor. 
in cost and space. 

to be 
and 


The reactor considered is a 
moderated thermal 


> 90 % 


water-cooled 
system using enriched uranium ( 
U**) for fuel. 
aluminum-uranium alloy 


Twelve to. sixteen 
fuel elements 


3 in. square by 24 in. long, placed on 
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in an aluminum grid, form the 
lattice. The 


submerged in a pool of 


end 
lattice is 
water. A 
1614 ft of 


water above the top of the lattice pro- 


active active 


depth of approximately 


vides protection from radiation for 
personnel at the operating power level 


of 100 kw. 


Neutron Balance 

Since the equations governing the 
kinetic behavior of a reactor have been 
treated in detail elsewhere (4, 5, 6), we 
will limit our discussion to a few neces- 
sary comments. 

A convenient quantity often used in 





TABLE 1 
Period 


Reactivity and Reactor 


+-0.001 
+-0.003 
+0 .007 
+O O01 





speaking of the control of a nuclear 
chain reaction is the reactivity, p 
kets l 
Kets 
effective 


constant of the reactor. 


where = keg multiplication 

For a given system, the period of rise 
or fall of reactor fission rate is relaéed 
to p by the reactor kinetic equations. 
In these equations, the reactor is shown 
to be self-sustaining, in the steady 
by the 
neutron balance. A 
neutrons, 6 (4 
immediately after fission but at a later 


state, establishment of a 
fraction of the 


0.7%), does not appear 


time, of the order of seconds, as the 


delayed emitters decay and release 


neutrons which help maintain the 
reaction. 

For p negative, the neutron flux will 
decrease in a period largely deter- 
mined by the half-lives of the delayed 
small 


compared to 8, the neutron flux will 


emitters. For p positive, but 
increase in a period largely determined 
by the half-lives of the delayed neutron 
As p approaches 8, in sign 
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emitters. 








CONTROL PANEL and some operating instruments of the ORNL low-cost reactor 


and magnitude, the period becomes 


shorter, and for p equal to 8 the chain 
reaction can be sustained without the 
of the delayed emitters. 
“This condition is termed “prompt” 
than £8, the 
period becomes even shorter. 

Table 1 
figures relating p to the reactor period, 
Zs am period is the time 
required for flux level to 
From Table 1 
an available p of 


contributior 


critical For p greater 


shows some approximate 
reactor 
reactor 
atlactor ot é. 
it can be seen that 
+().003 is sufficient to permit the 


change by 


about 


power level to be changed over wide 


ranges in reasonable lengths of time, 
with considerable leeway before reach- 
ing periods so short that 
demands are put on the safety system 


extreme 


Excess Reactivity Requirements 


Several different effects contribute to 


the change in reactivity of a reactor 
while it is operating. 


these one at a time and then estimate 


Let us consider 


the total excess reactivity necessary 
for satisfactory operation of the reactor. 
A p of +0.003 will be taken as suffi- 
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cient to permit the operator to change 
power levels. 
Temperature changes. 
has an over-all temperature coetlicient 
of reactivity of —7.5 & 10°°/°F. In 
100 kw 
cooling, the temperature rise of the 


This reactor 


operation at with convection 
water passing through the reactor is 
about 20° F. This A7’ results in an 
increase in average temperature of the 
water in the core of 10° F. The large 
heat capacity of the water in the pool 
prevents rapid changes in the tempera- 
ture of the inlet water; however, there 
are changes resulting from reactor 
operation, from seasonal temperature 
variations, and from changing the pool 
water for one reason or another. 

If we assume the variation in pool 
temperature is no greater than 40° F, 
i. e., from the lowest temperature to 
the maximum temperature, we have a 
total change in average temperature of 
the water in the reactor core of 50° F 
from operation at very low power, with 
fresh, cold water in the pool, to opera- 
tion at 100 kw 


This temperature range corresponds to 


with warm water. 


a change in reactivity of p — 0.00375. 

Fuel burnout. It is desirable that 
fuel additions to compensate tor deple- 
tion due to fuel burnout need not be 
than 


intervals shorter 


The loss due to burnout of 


made at 
100 days. 
fuel can be estimated from the fact that 
[723 
going fission results in one megawatt 
day of energy. 100 kw 
will burn out 12 gm of fuel in 100 days, 


any 


» 


approximately 1.2 gm of under- 


Operation at 


or approximately 0.4% of the fuel in a 
The 
change in reactivity is 
than the 
change in fuel concentration, about 1g 
0.0015 


reactor containing 3 kg of U*** 
percentage 
somewhat less percentage 
for this reactor; therefore p 
due to fuel burnout. 
Fission-product poisoning. In the 
fission process, the U*** is lost (burned 
out), and a variety of different elements 
result. For the most part, the contri- 
bution of these new elements may be 
neglected in estimating the decrease in 
ken; however, two products, Xe!®® and 
Sm'4*, are of some interest and should 
be considered due to their extremely 
large cross sections for absorption of 
neutrons (7). The thermal cross sec- 
tion of 9.2-hr Xe! (3.5 & 10° barns) 
is several orders of magnitude greater 
than that of U**® (650 
boron (750 barns) which 


barns) or of 

is used for 
control rods. Xenon-135 results from 
5.9% of the fissions, either directly 
(0.3%) or through the decay of 6.7-hr 
1'85 (5.6%) (8). Solution of the differ- 
ential equations governing the buildup 
and decay of I'*® and Xe'*® yield the 
following steady-state solution for long- 
time operation of the reactor (4). 
N= (yi + y2) 21@ 

Ao + ooh 


Xels 


fissions 


the number of 


atoms/cem*, ¥; 


where JA 
lraction§ of 
leading to I'**, y. = fraction of fissions 
leading directly to Xe'*®, Ly macro- 
scopic fission cross section, @ = neu- 
tron flux, Az 
Xe'*®, and a» 
section, 

For this reactor, operating at 100 kw, 
N 1.4 X 10'4atoms/em', 
ing this in terms of reactivity, we find 
p 0.0045. 
value is reached in a 24-hr period of 
This 
governed by the half-lives of I'** and 


decay constant for 


Xe!®® absorption cross 


I’xpress- 
A large fraction of this 


operation. poison decays, as 

Xe'*®, on shutdown of the reactor. 
Samarium-149 has a thermal neutron 

absorption cross section of 5.0 & 104 


This stable isotope is formed 


33 


barns 





17-hi 


does not decay after reactor shutdown 


from the B~ decay of Pm!** and 
The equilibrium concentration is ind 
pendent of the magnitude of the flux 
and approaches a value of p 0.012 
(4). The time to attain equilibrium 
is inversely proportional to the magni 
tude of the flux; in this reactor, operat 
100 kw, the time 
equilibrium is roughly 4 y1 


ing at to approach 
and there 
fore this poison can be neglected in this 
estimate. 

Experiment allowance. I 
ments placed next to the core will ab- 


xperl 


otherwise 


lattice 


sorb neutrons which might 
be reflected back into the active 
These 


pendent on the type of experiment and 


by the water. losses are de 
therefore will be different for different 


setups. Experience indicates that p 

—(.02 is not an unreasonable figure. 
The reactor loading can be changed at 
the time experiments are put in so that 
the normal excess reactivity is limited 
to the amount necessary to meet opera- 
tional requirements. 

Table 2 is a summary of the require- 
From the 
information given in Tables 1 and 2 
that this 
capable of producing very short peri 
The 


are 


ments for excess reactivity 


it is apparent reactor is 


ods, excess reactivity 


the 


pected and may be somewhat smaller 


require- 


ments maximum values ex- 
in practice; however, the control sys- 
tem should be designed to take care of 
real 


extreme conditions that may be 


ized. In normal operation every effort 
should be made to see that the excess 
reactivity of the reactor is held to the 
minimum consistent with satisfactory 


performance. 


Safety Rods 


The safety rods should have a con 


trol effect of several times the maxi 
mum excess reactivity the reactor has 
built into it. In this the 
method of selected was the 
introduction of adjustable poison rods 


reactor, 
control 
into the active core. These rods con- 
tain boron which has a large neutron- 
The 


absorbing 


absorbtion cross section pres- 
ence reduces reactiyity by 
neutrons, some fraction of which would 
been absorbed In a 


otherwise have 


fission reaction. There are two such 


rods, each being equivalent to p 


= —().05 when inserted. 


Control Rod 


A control rod of limited effectiveness 
is provided; this rod can change ken by 
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TABLE 2 


Reactivity Allowed for Losses under Normal Conditions 


Reactivity requirements 


Operational requirements 
Temperature effects 


Fuel depletion + misc. fission products 


Xenon poisoning 
tequired for operation 


Allowance for experiments 


003 
00375 
0015 
0045 
01275 
02 


(To be obtained through fuel addition at time 


experimental facility is installed 





approximately 0.005. Manual control 
of this rod enables the operator to ad- 
just the neutron flux level. However, 
the primary reason for including this 
control rod is the desirability of in- 
corporating an automatic level control 
system. Possible failure of this auto- 


matic control system, resulting in 
complete rod withdrawal, dictated that 
the rod have limited effectiveness so 
that dangerously short periods would 


not occur due to such a failure. 


Safety Circuits 

The safety system for this reactor 
must provide a large part of the pro- 
tection against operational hazards. 
The dangers involved are: 


1. The the 


may rise to such high levels that the 


power level of reactor 
shielding is no longer adequate for 
protection of personnel from radiation. 

2. The power may rise to such a high 
level that the heat transfer system will 
allow the fuel plates to melt or vapor- 
ize, thus damaging the reactor and 
releasing fission products which would 
contaminate the water in the pool and 
tlie air around it and thereby constitute 
a radiation hazard to personnel. 

3. Personnel 


radiation 


may be subjected to 


arising from an unshielded 
experimental hole leading to the reactor 
or from an irradiated object being with- 
drawn from the reactor without suffi- 
cient shielding. 

4. The pool may be drained, thus 
exposing personnel to a source of 
radiation. 

The first two possibilities constitute 
The 


coming 


the hazards to be discussed here. 
third will be 
under a discussion of health physics 


considered as 


protection and the fourth as being part 
of the over-all reactor facility design; 
both of these may be coupled into the 


control system as will be shown later. 
It has 


that if the power level rises to more 


been experimentally shown 
than a few hundred kw, the reactor will 
boil, and steam will displace sufficient 
moderator to inhibit runaway (2). A 
qualification on the foregoing state- 
ment is that the rate of rise of powel! 
in the experiment was very low and 
the 


vers 


therefore not conclusive as to 


behavior under conditions of a 
rapid rise. 
Calculations have been made to 
determine the kinetic behavior of this 
reactor after an arbitrary stepwise in- 


r¢ 


crease in key of 2% above prompt 


critical (3). The resulting maximum 
fuel-plate temperature was calculated 
to be 390° F, the critical condition per- 
sisting until approximately 10% of the 
moderator has been expelled by steam; 
the time at which the reactor becomes 
subcritical was found to be 0.127 sec. 
This caleulation is not conclusive due 
to lack of information on transient 
boiling heat transfer and rate of forma- 
tion of steam bubbles, but the situation 
appears to be reasonably satisiactory. 

Safety system design. 
of the safety system is dictated by pos- 


kinetic 


previous experience 


The design 


sible reacto! behavior and 
The safety sys- 
itself as little as 


possible in normal operation in orde) 


tem should manifest 


that there should be no desire to modify 
the system in such a way as to render 
it less effective. 

The safety system, Fig. 1, is arranged 
to shut down the reactor when neutron 
flux levels rise to a point indicating an 
This 


shutdown is accomplished by reducing 


overload of approximately 30%. 


the currents supplied to electromagnets 
supporting the safety rods (2, Fig. 3) 
which then fall into special reactor fuel 


elements under the influence of grav- 
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ron Sx 


FIG. 1, 


Safety and control rod circuits. 


ity. An iron armature is fastened to 
the top of each rod, and means are 
provided to dissipate the kinetic energy 
when the rod reaches the end of its fall. 

The electromagnets which support 
the 
piece of Armco soft iron in an iron-clad 


safety rods are made from one 


design. The exciting coil is impreg- 
nated under vacuum, after assembly 
in the magnet, with Harvel ‘Oil Stop.” 
This 


absorbing 


a waterproof and shock- 
bulk insulator around the 
Tests have shown this material 
stable 

irradiation expected at the 


forms 


coil 
to be under the neutron and 
gamma 
location of the magnets. 

The magnets were designed to sup- 
port the rods with an air gap of 0.005 
in. when 30 ma of exciting current flows 
The air gap is ob- 
the 


armature; this crowning also makes 


in the winding. 


tained by crowning the face of 
perfect alignment between magnet and 
armature face unnecessary. Tests in- 
dicate that the release time, with 50% 
more current than is necessary to hold 
the rods, 
step-function input signal is applied. 
The 
actor passes the level at which release 
much less than this for 


is less than 40 msee when a 


actual release time after the re- 


is desired is 
reasons Which will be discussed later. 
The signal proportional to neutron 
is obtained from a boron-coated 
This 


cur- 


flux 
ionization chamber (2, Fig. 3). 
output 
amperes 


produces an 
rent of 10~° 
exposed to a thermal flux of 2.5 K 10° 
neutrons/em?/sec. With 300 volts ap- 
plied to the electrodes, the relation be- 
tween neutron flux and current is linear 
up to approximately 10~4 amperes. A 
large the 
problems concerned with d-c amplifier 
A signal of approximately 


chamber 


about when 


voltage signal minimizes 
operation. 
10 volts at full power with a chamber 


Vol. 11, No. 2 - February, 1953 


Magnet 
for No! 
safety rod 


Magnet 
|} amplifier | 
at Mognet 

for No 2 
safety rod 





Magnet 

Land 
amplifier 
t oe 
Magnet for 
To ma gnet ontro!l rod 


amplifier 


ram switch on 


contro! panel 


Chambers indicate neutron-fiux level 


current of 3 X 10~° amperes requires 
a resistor of 3.3 * 10°ohms. The RC 
time constant of this resistor and the 
chamber and cable capacitance is 
0.0006 sec, small enough to be negli- 
gible in this application. 
Magnet current control. 
plifiers supplying current to the mag- 


The am- 


nets are controlled by a mixing circuit. 
The output of the preamplifier from a 
cathode follower is fed into the mixer, 
signals from several 


which accepts 


sources. The mixer operates in such 
a way as to produce an output signal 
until the 


reactor approaches full power and then 


which is nearly constant 
becomes proportional to the largest 
signal applied to the mixers. 

In operation, the magnet current can 
be set to release the magnet when a 
As the power 
is increased, the 


certain flux is reached. 
level of the reactor 
magnet current remains nearly con- 
stant until the reactor approaches full 
power. The current is then decreased 
as the flux increases until the point is 
reached where the magnet is no longer 
able to support the rod. 

The current which the output tubes 
supply to the magnet is furnished by a 
Control of the 
voltage applied to this transformer pro- 


separate transformer. 


vides a convenient method of introduc- 
ing manual shutdown signals, safety 
interlocks, ete. 

The time response of the system 
safety rods can 
the 


determined 


from chamber to 
be calculated 
perimentally 


Measurements show that this system 


with aid of ex- 


quantities. 


is capable of re'easing the rod in less 
than 0.04 sec after the shutdown level 
The length of time after 
release for the rods to decrease kee by 
0.01 would be approximately 0.13 sec. 
The rate at which k is increased by 


is exceeded. 


withdrawal of the rods should be lim- 
ited to insure that the reactor can be 
shut down by the safety system with- 
out causing an overexposure to person- 
nel or damage to the reactor. 
Calculations have been made based 
on a linear increase of keg caused by 
complete rod withdrawal in 8 min. 
The that if a flux of 
1 neutron/em?/see is present in the 
reactor at the rod withdrawal 
starts, the reactor period would be 
longer than 0.06 sec when the flux 
level exceeds the shutdown 
point. If the reactor is assumed to 
rise on a period of 0.06 sec during the 


results show 


time 


safety 


entire time required for the safety rods 
to decrease key by 0.01, the maximum 
level attained would be approximately 
20 times the safety shutdown level. 
The flux would then fall rapidly as the 
This 


serious since 


rods decreased keg still further. 
overload would not be 
the duration would be short. 
sufficiently strong to produce a flux of 
1 neutron/em?/sec 
and should be built into the reactor. 


A source 


is easily obtainable 


Operating Instruments 


The instruments necessary for ob- 
servation of the reactor level, as de- 
termined by flux, must cover the entire 
range of expected fluxes. For this re- 
the 
approximately 3 & 10", 
a block the 
instruments. 
Start-up. 


activity resulting from previous oper- 


covered is 


Figure 2 is 


actor, range to be 


diagram of operating 


Due to the intense gamma 


ation, the measurement of neutron flux 
during start-up must be done by an in- 
strument which discriminates strongly 
in favor of the signals produced by 
the detector. 
Such a device,is the U**® fission cham- 


neutron reactions in 
ber when used as a pulse-type chamber 
followed by a 
pulse-height selector (49). 


linear amplifier and 

The size of the pulses produced when 
fission occurs in the chamber is much 
greater than the size of pulses pro- 
duced by the gamma interactions in 
the chamber material or by the alpha 
The output 
of the pulse-height selector, set to 
transmit 


emission of the uranium. 


only pulses resulting from 
fission, is fed to a log-count-rate meter, 
to obtain a signal proportional to the 
logarithm of the counting rate from | 
cps to 10‘ eps. This signal is recorded 
on a strip chart recorder for graphic 
presentation. 

The fission chamber is movable and 
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therefore may be used to cover the 
entire range of operation by 


the position and taking advantage of 


the attenuation of the neutron flux in 


This 


trouble; however, the accuracy of the 


the water channel gives littl 


Ditterentia 


chamber - 


[ ——— Shur m4 =-————_() 3 


fferentia 


chamber 


[- pone Iu 
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a shunts 
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A 
amp! fier 


FIG. 2. 


( hanging 


Sopa} | 


neutrons/em?/sec. In this 


the compensated chamber provides a 


current 
flux at 
ibout 


proportional to the 
the chamber range of 


108: ove! 


over a 
a range of nearly 10°, 


1 


C) Externa 


ifferent stor + /) Mognet 
. and 

Power leve contro 

ndicotor rod 
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Count rate 
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Or ange 
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f 7 
Log count | 


ad 
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Operating instruments for accurate flux indication, period and power- 


level indication, and start-up flux indication 


log-count-rate meter is limited to about 
A scaler 
timer are provided so that quantitative 


+ 10% for routine use. and 
measurements of the counting rate may 
be made and so that the low counting 
rates encountered during initial phases 
of reactor loading may be observed 
The sealer is connected to the output 
of the pulse-height selector 

Normal operation. 
operation, it is convement to use a 


During norm il 


chamber which produces a direct cur- 
rent proportional to the neutron flux, 
such as a compensated ion chamber 
sensitive vol- 


This chamber has two 


with boron, the 


The 


region is sensitive to both gamma radi- 


umes, one coated 


other not coated. boron-coated 


ation and to neutron radiation; the 
uncoated region is sensitive to gamma 


The 


ean be subtracted from the neutron- 


radiation only. gamma _ signal 


plus-gamma signal, leaving a signal 
proportional to the neutron flux plus 
any error resulting from the difference 
between the two gamma signals. 

This chamber produces a current of 
about 1074 
to a thermal-neutron 
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when exposed 


flux of 10! 


ampere 


portional to the flux to within about 
LY 

Pile period and power level. A 
compensated chamber is connected to 
aa pile-period meter in which the cham- 
ber current is passed through a thermi- 
onic diode (9004). 
the diode is proportional to the log- 


The voltage across 


arithm of the current passing through 
the diode over a range of 10° or greater. 
The log signal is amplified and recorded 
to provide a record of the pile 
The amplified 
passed through an RC differentiator 


powel 


level. signal is also 


producing a signal inversely propor- 


tional to the pile period. A_ period 
signal can be transmitted to the safety 
through the circuit so 
that the 


unnecessarily short periods are realized. 


system muxe! 


reactor will be shut down if 
Interlocks can also be arranged so that 


permission to withdraw the rods is 


taken away when periods faster than 
necessary for normal operation are 
encountered. 

The pile-period meter is an extremely 
valuable operating instrument as it 
gives information on the flux level and 
Irom 


reactor period over the range 


reactor, 


neutron 


the current can be relied on to be pro- 


10~* of full power to full power without 
How- 
like the log-count- 


changing any range switches. 


ever, this channel 


rate meter channel, is not a highly ae- 
curate indicator of flux level due to po- 
tential drifts in the thermionic diode. 


The 


accurate determination of neutron flux 


Accurate flux determination. 
can be accomplished by an instrument 
which accurately indicates the current 
chamber. 


from a compensated ion 


One instrument, which has proven to 
be accurate and dependable, is the 
Northrup, Model 9836A, 


stabilized microm roampere amplifier. 


Leeds and 
This instrument, as delivered by L. & 
N., covers the from 107% 

) 


full scale, to 2 & 10~® amperes, 


range am- 
peres 
full scale. The addition of an external 
shunt with a current division ratio of 
100 and a switch to insert the shunt 
extend the sx ie” 


full seale. This channel will 


will range to 
amperes 
range of 10° in reactor 
of 1%. The 
strip-chart 


then cover a 
powel! within an accuracy 
signal is recorded on a 
recorder, thus providing an easily read 
scale and a record which can be used 
to check on reactor operation after the 
completion of an experiment. 

A ga 
used to read the current from aseparate 


lvanometer and shunt ean be 
compensated chamber, as a check on 
the electronic channel. Experience 
that the L. & N. amplifier 
gives very little trouble and its indica- 


with the 


indicates 


tion has always agreed 


galvanometer. 


The Control Circuits 

The control circuits are designed in 
such manner as to enable easy opera- 
tion of the reactor, with interlocks to 
protect the and 


equipment provide 


certain safeguards against possibly 
dangerous situations. 
The 


through vacuum tubes, by 


magnet power is supplied, 
transiorm- 
ers fed from a control line. This line 
number of 


Repre- 


can be deenergized by a 


switch and relay contacts. 


these 
leading to the 


sentative ot are contacts on the 


gates reactor bridge, 
manual shutdown switches located on 
the console and at convenient locations 
around the pool, and contacts located 
in health-physics monitrons mounted 
above the surface of the pool on the 
reactor bridge. In addition, inter- 
locks should be arranged so that any 
movement of experiments which might 
affect 


shutdown. 
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the reactivity would cause a 





The safety rods are driven by a-c 


motors, controlled from the operating 
pane | Limit switches are provided to 
stop the motors at the upper and lower 
positions of the rods. These motors 
are interlocked so that the rods cannot 
the 
recorder is indicating at least 114 eps. 


This prov 
operation of the fission-chamber circuit 


be raised unless log-count-rate 


ides a partial check on the 
and assures the presence of a neutron 
the 
be withdrawn unless the 


source. During startup, safety 


rods cannot 
control rod is fully inserted. The con- 
be withdrawn unless 
least three- 


fourths withdrawn, thus insuring that 


cannot 


rods are at 


6% to 8% negative reactivity is avail- 
the 
nchro transmitters and receiv- 


able when withdrawing control 
rod. Sy 
ers are used to indicate the position of 
the drive mechanisms for the rods. 
The position of the fission chamber 
can be changed by a motor controlled 
from the operating panel; pilot lights 
indicate when the chamber reaches the 


limits of its travel. 


Automatic Level Control 
The desirability of maintaining the 
t1%, 


extended periods of time, indicates that 


reactor flux within limits of over 


a servo system should be ineluded. 


One servo proposed for the low-cost 


research reactor consists of a two-phase 
control motor driven by an electronic 
amplifier. The input for this amplifier 
is generated by a synchro generator 
and a synchro-control transformer. 
The 
coupled to the recorder driven by the 
L. & N. amplifier; the position of the 


shaft of the synchro generator is set by 


synchro-control transformer is 


hand. The circuit is arranged so that 
zero rod motion is obtained when the 
the 


The servo has rate feedback from a 


recorder indicates desired level. 
tachometer coupled to the control mo- 
tor to provide the necessary damping. 

A transfer switch is provided on the 
control panel for changing from manual 
to automatic control. In operation, 
the reactor is brought to the desired 
level under manual control; then the 
into operation by 
Small 


made by 


servo is. brought 
switching to automatic control. 
changes in level may be 
resetting the synchro generator which 
provides the desired level signal. An 
adjustment knob is located on the front 
of the recorder for this purpose, and a 
pointer provided on the recorder scale 


for indicating the desired level. 


Higher Power Operation 


For operation at power levels up 
control 


the 


to one megawatt ?) the 


system would remain basically 


However, the increased re- 
activity requirements would indicate 


A change from two to 


same. 


some changes. 
three safety rods is desired to maintain 
the safety shutdown margin. With- 
drawal of the rods should be limited 
by the reactor period, and safety shut- 
down should be actuated by reactor 
period in addition to shutdown on ex- 
Action should be taken to 
insure that reactor operation is coordi- 


cess level. 


nated with the operation ol the forced 
circulation cooling; this can be done 
through the interlock system. 


. * + 


Many members of the ORNL staff con- 
tributed to the design and construction of the 
control and safety system currently in use. 
Some of the major contributors are: P. R. Bell, 
E. P. Epler, J. C. Gu ndlach, S. H. Hanauer, 
W. H. Jordan, H. W. Newson, and J. E 


Owens. 
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Sorbed Gases and High- Vacuum Systems 


occluded, 


LIBERATION f absorbed, 
dsorbed = g: 


cause 


ises from metals on 


“leakage” in’ high- 
extraneous 
\easure - 
vy engineers at Sam Tour 
~w York, indicate that 


f gas, predominantly hy- 


systems where 


he excluded. 


be trapped in 100 grams of 
Ing casting. 

ability measurements were 

r testing of the effectiveness 

regnant for decreasing 

of alurainum = castings 

nd absorbed gases caused a 


in results obtained by two 


st method, one side of a cast 
subjected to a 
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vacuum of 


about 10 microns of mercury while the 
other side was at atmospheric pressure. 
The rate of increase in pressure in the 
evacuated system, which had a known 
volume, was used as a measure of leak- 
Leakage rates of 1 x 1077 ft® 
in?/hr were indicated. 

In the second 
the plate was again subjected to high 


age. 
method, one side of 


vacuum, but the other side was exposed 
A helium 
leak detector was used in the evacuated 


No leak- 


to an atmosphere of helium. 


system to measure leakage. 
age was detected, however. 

The apparent leakage found with the 
first measurement was traced to gases 
occluded or absorbed during casting of 
the 


metal surfaces exposed to air. 


to gases adsorbed on 


W hen 


metal and 


the metal is subjected to vacuum, the 


gases are liberated at varying rates, 
This release of gases is accelerated by 
even a slight increase in temperature; 
the rate of liberation increases expo- 
This 


release of gases affected the pressure 


nentially with temperature rise 


measurements, but the helium meas- 
urements were not changed 

Absorbed and adsorbed gas will be 
found in and on many metals, while 
adsorbed gases will be found on glass. 
It is, therefore, important to degassify 
these 


high-vacuum system 


materials before their use in a 
These systems 
can be purged by subjecting them to 
high vacuum and to temperatures of 


several hundred degrees. 





Shaped Sources 
tor Teletherapy Units 


The idea of distorting teletherapy-source shapes to give a greater 


surface area per unit volume is discussed and shown 


to be impractical. 


By MARSHALL BRUCER* 
WILLIAM G. POLLARD* 
HARRY LEITER} and 
HERBERT SCARF! 


ONE OF THE limiting factors in design- 
ing teletherapy units with radivisotope 
sources is the attainable volume s 
The activity 


of europium-152,154 and cobalt-60 is 


pecifi 


activity. mass specific 
limited by reactor time and flux. The 
maximum obtainable mass specific ac- 
tivity of cesium-137 in the form of the 
sulfate is about 23 curies per gram. 
By compression, Cs!*7 in this chemical 


form can be brought to a volume 
specific activity of about 95 curies per 
Kul’! and Co 


much higher, but self-absorption mark- 


em*, ’ can be pushed 
edly reduces their efficiency. 

It has 
that the efficiency of the sources could 


been sugyested repe atedly 
be greatly improved by distorting their 
shape to give a greater surface area per 


We have concluded that 
this is impossible for the reasons given 


unit volume. 


in the following discussion 


The Basic Design 


Assuming that a unisource unit only 
is being discussed, the basic features of 
the design of any unit will be a source of 
activity enclosed within a shield with 
some mechanism for turning the beam 


on and off as illustrated in Fig. 1. 


* Oak Ridge Institute of Nuclear Studies, 
Oak Ridge, Tennessee 

t Franklin Institute, Philadelphia 
sylvania 

t Department of Mathematics, 
ton University, Princeton, New Jerse 
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Penn- 


Prince- 


There must also be some form of col- 
limating eone, Diaphragms or beam- 
limiting devices would necessarily be 
added somewhere in the collimating 


cone 


The Presenting Face 

If a beam with fixed cross section is 
desired, then the presenting shape of 
the face of the source should be that of 
the desired beam. If more than one 
beam cross section is to be used, as is 
the cross section of 
best 


true In most Cases, 
the source should be that fitting 
all shapes. Since penumbra is one of 
the limiting factors of source diameter, 
the shape giving the greatest area for 
the least diameter would also give the 
greatest volume for the least penumbra. 
This is found in a circular cross section 


which fits the demand for any con- 

figuration of beam-limiting device. 
Therefore, it has been accepted that 

a circular cross section is most efficient 


for any unisource unit. 


A disk-shaped source offers the greatest efficiency 


The simplest circular cross section 
source would be a right cylinder. 

Possible shapes of the presenting 
face. The question has been raised 
concerning the use of shapéd sources. 
For example, a cone with its apex in 
the presenting face has a greater pre- 
senting surface area and might, there- 
lore, impose less self-absorption in its 
depth 


intensity otf 


greater 
If the 


apex of a cone or othe shaped source 


and, hence, yield a 


useful radiation. 
is fixed at a height equal to the radius of 
the cross section, i.e., 1.5 em, then the 
area of a circle would be 2.252, a right 
would be 3.2I1n, re | 


cone paraboloid 


3.753, a hemisphere 4.5027. This pro- 


gression would continue as the hemi- 
spheroid became more oblate until it 
approached the shape of a right cylin- 
der moved 1.5 em down the collimating 
cone 

The 
hemisphere is twice that of a flat circle. 
It can 


surface area of the face of a 


be used as the type example. 





Volume at Which Sphere and Right Cylinder are Equal with Fixed Present- 


ing Face Diameter 


Diameter of 


ource 


of wntensily 
1s in reduced by 
ource when r 'f-absor plion 
ume of for qiven 
nder diameter of 
ats sphere nder Sphere 
10 7 
322 14 
1,089 20 
2,580 96 
5,040 30 
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— Source 


Collimotor~ 


FIG. 1. 
teletherapy unit 


The argument holds true to a greater 
extent for any other shape. 


or lesser 


Cup vs Right Cylinder 

If 1 hemisphere were to be used, then 
the diameter of the source would fix a 
maximum volume. However, if a 
hemispherical surface is extended in 
height to match the shape of a right 
cylinder, the volume is unlimited. 
Therefore, the hemispherical cup, as 
shown in Fig. 2, should be the figure to 
compare with a right cylinder. A 
large number of parameters are affected 
when the shape of the source face is 
changed, i.e., the source-skin distance, 
the radiation intensity over the field, 
the penumbra, the volume of material 

the source, self-absorption factors, 
ete. A number of simplifying factors 
must be introduced before the problem 
can be analy zed, 

To keep a reasonably flat radiation 
field at the source-skin distance, assume 
that the SSD is between 50 to 100 cm 
and only about a 5% to 10% variation 


over the section is desirable. 


CTOSS 
Assuming that only the parallel pri- 
measured, then the 


mary photons are 


greatest ssD 
derived the 
At 3-cm variation 


possible variation in 


llowable can be from 
inverse square law. 
between points A and B in Fig. 2, there 
is about a 6° variation in the inverse- 
square factor at 100 em and about 13% 
it 50 em. At 


factor will more than double. 


a 5-em variation, this 
Hence, 
we can fix a Maximum source diameter 
The argument will 
hold true for any diameter, but can be 


calculated 


at about 3 em. 


more easily at one fixed 


ameter. If we accept a radius of 1.5 
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Basic design of any unisource 


il Shield 


_ _On-Off 
mechanism 


-~Presenting face 
of source 


Useful beam 


' 

| 

| 
A. 
| Skin Distance 
4 (Ssbd) 


FIG. 2. Hemispherical-cup-shaped source 


with a disk source of equal volume 


em (points A—B) and a source depth 


(points B-C) of 1.5 em, then the vol- 


ume of the hemispherical cup is the 


that of 
radius = height = 

Since the SSD is long compared with 
the A-B distance (the depth of the 
source), the presenting face, no matter 


same as a right cylinder of 


1.5 em. 


what its shape, is effectively a circle 
the 


rr?. This argument breaks down at 


and effective presenting area is 
very short distances. 

The source volume is always iden- 
tical in any shape of cup if r is equal to 
or greater than h, and this volume is 
equal to that of a right cylinder. If 
the volume is going to be very much 
less than wrth, then shaping of sources 
will allow for rat decreased self-absorp- 
tion and a more efficient usage of the 
The table 


shows that such small volumes are use- 


source material. nearby 


less for teletherapy units. The prob- 
lem of teletherapy at any reasonable 
diameter will demand over 10 roentgens 
SSD, and 


minute at one-meter 


are bound to have h >r 


per 
such sources 
with the expected specific activity of 
Cs! It is shown later that this argu- 
ment does not break down even with 
Co” or Eu'?.!5 where specific activi- 
ties over 100 curies per gram could be 
produced. 

If the volume of a hemispherical cup 
and a right cylinder source are about 
equal, then the attenuation due to 
the 
same from point X in Fig. 2. Since 
the the 
limits of the closing device on a ma- 


distance and self-absorption are 


most forward point defines 


chine, a right cylinder source com- 


parable to the hemispherical cup could 


be placed at A-B. This means that 
radiation from point Y has significant 
attenuation both from self-absorption 
and distance in a hemispherical cup. 


All of the the 


effective portion of the forward edge 


radiation from most 
of a right cylinder at point Z is lost in 


a hemispherical cup or any other 
shaped source. 

If the source volume is small enough 
and there is no preferred direction of 
radiation, then a sphere would be the 
best shape, since the volume to total 
ratio is 


linear dimension 


The table gives a definition 


integral 
optimum. 
for ‘“‘small enough” for each diameter 
from | to 5 em. 

To illustrate the interpretation of 
the table, if a 3-cm diameter presenting 
face is allowed, then it is possible to 
use a sphere with about 14 em* volume. 
This 


1,089 curies of Cs’, 


contain a maximum ol 


A right cylinder 


would 


of the same diameter would be 2 em 
high. There 
less self-absorption from the cylinder 


would actually be 2% 
than from the sphere when the radia- 


tion has a preferred direction and is 
collimated. 

Since the same self-absorption func- 
tion holds for ellipsoids, the sphere 
stretched in an axis perpendicular to 
the presenting face, without change in 
the diameter of the presenting face, 
results in a volume increase having no 
more efficiency than that of a right 
cylinder. 
is stretched so that its apex came close: 


If a parabola or a right cone 


to the skin, there is an obvious increase 
in intensity especially when the stretch- 
ing reaches a point where h is much less 
How- 


39 


than r with any fixed volume. 





ever, at this point, there is no longer a 
collimated beam if SSD is kept at or 
below 100 em. 

Therefore, it seems obvious that the 
right cylinder with the base as a pre- 
senting face is the most efficient source 
shape for a teletherapy unit. 


General Solution 


A more general solution can be 
derived mathematically for a source of 
We consider first a 
Fig. 3. 


The source is taken to have a 


any given shape. 
source such as that shown in 
fixed 
given volume V and to consist of mate- 
rial of specific activity a expressed in 
The total radiation 
emitted from the source per second is 


curles per em, 


denoted by S and is given by 
S = kaV 


where k is a constant, characteristic of 
the radioisotope of which the source is 
made. S could be expressed in terms 
of photons emitted by the source per 
second, or it could be expressed in 
roentgens per second. 

Let the source have a radius R and 
the collimating tube have a constant 
cross section of this same radius and 
Then, a 


point source placed at the origin O of 


length L, as shown in Fig. 3. 


source strength S would subtend a 


solid angle at the collimator portal of 


and the radiation J leaving the colli- 
mator portal will be 


For an extended source of any given 
shape, the portion of the total radiation 
emitted from the source which passes 
through .the collimator portal will 
differ from that for a point source by a 
factor f which depends on the size and 
shape of the source and the collimator 


distance L, such that for this source 


fey, 

ie (*) J 

It is to evaluate the 
factor f for sources which all have the 
and total activity S 
but are made in various shapes. It 


our purpose 


same volume V 


will be convenient to compare the value 
of f for each shape with the comparable 
value fo for a disk-shaped source of 
radius R and thickness b which is taken 


40 


as a standard. The volume of the 


standard source is 
V rhb 


and all othe shaped sources will be 
adjusted to have this volume. 

All sources here considered are taken 
to have axial symmetry about the col- 
limator axis. We introduce cylindrical 
coordinates p, ¢, z and let the surface 
of the source be defined by p r 
The 
point on the source nearest the colli- 
mator portal is taken at the origin of 
The volume of that 


part of the source lying below a given 


r(z) where r is a function of z. 


coordinates, 0. 


plane z is given by 


r 


I, dz fr 2rpdp 

0 0 

Tv i r°dz 
0 


The total volume of the source is then 
V T(B) mwhe*b (4) 


B is the depth of the source 
It is 
convenient to introduce the dimension- 


where 
along axis z as seen in Fig. 4. 
less quantities z, y, 8 and v as follows 


yb, B = Bb,r = vV 
whbv y) 


r rR, z 


Ol T\Z2) 
We find then 


y 
v(y) i x*dy 
0 


v(f) l 


The volume element dr has a radia- 
(S ‘V)dr 
the solid angle at the collimator portal 


tion strength and subtends 


rh? cos 6 
(L + z)? + p? 


i 


zg)? + 


Thus the radiation admitted through 
the collimator portal Is 


and the factor f is given by 


rhk?V p 


Introducing the expression for Q, this 


be comes 


2rpdp 


+ z)? + p? 


i} 4 r 

\ G t ) 
Expanding the integral and neglecting 
terms in (2/L)? 


2 
dz 


this becomes 


27) ae 
L 


Transforming to variables x, y, and v by 


Kq 5 and using Eq. 6, this becomes 
8 
1 — (26/L) [* x%ydy 
0 


or, on integrating by parts 


2b /L | 3 


Thus 


A family of source shapes of a given 


type may be obtained by choosing 


for which n 0 a right evlinder or 


disk, n | 


l cone. 


I, xdy 


and the condition of Eq. 6 gives 


paraboloid, and n = 


For such sources 


p 2 l 


so that 8 2 for the paraboloid and 


v 3 for a cone. 


For such sources we find 


7. 
| Vy dy 


0 


all sources (all 
Thus 


and is thus smaller for 
n > 0) than its value for a disk. 
the disk gives the best shape 
In all of the preceding calculations 
the radiation from each volume element 
dr in the 


tributing its full intensity to the radia- 


source is regarded as con- 


tion leaving the collimator portal. 
This means that the source material is 
regarded as being completely trans- 
parent to the radiation and, thus, self- 
absorption has been neglected. If, 
however, self-absorption is important 


as it usually is, deep-lying portions of 
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the source, such as those in the neigh- 
borhood of z = B, p = 0 in Fig. 4, will 
contribute little to the portal 
radiation because of severe attenuation 
the intervening 


very 
in passing through 
source material. 

To take self-absorption into account 
properly, radiation strength (S/V)dr 
of each volume element should be mul- 


tiplied by an attenuation factor 


v(r)] (11) 


" 
e “uy 


where y(r) is the inverse of the function 
This, in- 
extensive 
plexity but does not lead to particularly 
useful The that, 
since with self-absorption deep-lying 
the largely 
much better to remove 


r(y). however, not only 


volves mathematical com- 


results. reason is 


portions of source are 
wasted, it is 
them and redistribute the source mate- 
rial so that none of it lies deeper than a 
from the 
This can 
simply the 
z) in Fig. 4 a distance b 


preassigned axial distance 
front surface of the source. 
be done by translating 
surlace r r 
along z to produce an “interior” source 
Surlace 

ri\2 n"zZ— b) (12) 
This makes the 


z-dimension of the source at each value 


as shown in Fig. 5. 
of p the same and provides all annular 
sections with the same average attenu- 
Eq. 11). Thus, the 
attenuation can be incorporated in the 


ation factor 
source strength S and the calculation 
carried out without explicit use of a 
self-absorption factor. 
" divides itself into 


The source now 


three 


regions 


b, p varies from 0 tor 
- B, p varies from r; tor 
B + b, p varies from r; 


It is convenient to retain the func- 
as defined by Eq. 3. The 


2 B is now, however, 


tion T 


value of 7 for 
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FIG.4 


EFFECT of source shape on intensity 


no longer equal to the volume V of the 
source so that Eq. 4 no longer holds. 
To find the volume of the source, we 
have contributions from each of the 


above three regions as follows 


. b r B 
J = I, dz if 2rpdp T | dz «x 
r B+b R 
[ 2rpdp T [, dz | 2rpdp 
B B+b 
T f r? dz T [ redz 


B+4b 
re [ora 
T wih B 2 


= wh?b 


12 and a 
u+bin 
the second integral to show that the 


where we have used Eq. 
change of coordinates to z = 


second integral reduces to the first so 
that their difference Thus 
the volume of any source of this shape 


vanishes, 


and character is the same as that of a 
disk of the same axial thickness. 

If we now evaluate Eq. 7 for the 
three regions mentioned, we find 


2rL? 








Expanding the integrals as before and 


neglecting all terms in 1/L?2, we obtain 


7 B 
f {f. r(i $i 
‘es 


r; (1 2 *) dz 
L 


Again using Eq. 12 and the transforma- 
tion u = z — b in the second integral, 


this becomes 


Finally using Eq. 5 and V = rhR*b, we 


obtain 


f=1-— {1+ 2[8 — r(8)}} b 43) 
1 

This equation is entirely general and 

holds for any shape source that satisfies 

the conditions specified in Fig. 5. For 

the particular family of sources speci- 


fied by Eq. 9, we have 


v(f) 
so that 


| (1 tn ) h 
f ' 2n+ 1/7 L 


Again it can be seen that the largest 
factor f is obtained for any 
with a disk for which n 
14 reduces to Eq. 8. 

Thus, under either of the conditions 


14) 


given b/L 
0, and iq 


considered here, the disk-shaped source 
gives maximum radiation at the colli- 
mator portal. For such a source, the 
amount of radiation leaving the portal 
2 and 8 as 

END 


At 


is given by combining Eqs 


I = §(R/2L)*(1 b/L). 





High-Energy Nuclear Physics 


In attempting to understand the nature of the 
physical world, man has uncovered a wealth of 
Among the most confusing of these data 
are the results of high-energy experiments, par- 
ticularly the many new particles that have been 
This is a summary of the highlights of a 
conference whose aim was to try to find some 
pattern in the morass of data and discoveries 


data. 


found. 


By BERNARD T, FELD 


Physics Department 
and Laboratary for Nuclear Studie 
Massachusetts Institute of Technology 


Cambridge, Massachusett 


THE PROBLEMS of understanding the 


phenomena that are apparent in ex- 
periments performed at high energies 


Annual 


physies 


was the subject of the Third 
high-energy 


ol Rochester. 


Conference on 
held at the University 
Dec. 18-20, 1952. 

The 


sored by the Department of Physics of 


conference was jointly spon- 
the University of Rochester and by the 
National Science Foundation. 
attended by approximately 150 physi- 
cists currently active in nuclear, high- 


It was 


energy, and cosmic-ray research. 
did 


predecessors in the 


This conference matched, if it 
not 
excellence of its organization and in 
the warmth of the hospitality of its 
tech- 


nical, would be complete without an 


exceed, its 


hosts, and no report, howevei 


acknowledgment of indebtedness to the 
members of the physics department of 
the Rochester, 
especially to its chairman, Robert FE. 
Marshak. 


This summary is intended to repre- 


University of and 


sent this writer’s impressions of those 
aspects of the conference which appear 


to him to represent the most significant 


42 


or interesting recent developments in 
No attempt will 


be made at completeness of coverage, 


the fields discussed. 


nor will any effort be made to present 
all of the experimental details and 


arguments which were advanced in 
favor of the conclusions stated. 

Since the work of many investigators 
was reported, it would be impossible 
to give adequate credits in such a 


We 


sorted to the expedient, in most cases, 


summary. have, therefore, re- 
of crediting work to the laboratory of 
ts origin. 

On the the 


progress of the last year seems to have 


theoretical side, main 


been of a psychological nature—im- 
A new optimism and 
the 


meson field theories pervaded the air 


proved morale. 
confidence in potentialities of 
of the theoretical sessions; and, even 
if it was sometimes difficult to discern 
the factual bases for this optimism, its 
presence gave to the theoretical ses- 
sions an entirely new aspect as com- 
pared to the gloomy ‘‘ wakes” over 
meson theory held in past years. 

more than 
any the 


‘new look” at meson theory is M. M. 


The theoretician who has, 
other, led the movement for 


Lévy, and perhaps the outstanding 
feature of his contribution is that he 
has been willing to take the results of 
meson theory more seriously than did 
significant 
the 


Equally 
that he 


his predecessors. 


is the fact has carried 


had 
usly achieved and has derived a 
the 
which, in the low-energy limit, 
the 


known features of the nucleon-nucleon 


calculations further than been 
prey I¢ 
nuclear 


tial’”’ 


potential ‘Lévy poten- 


is in substantial agreement with 


interaction (1). Preliminary results of 
meson-theoretic calculations on meson- 
nucleon scattering (mainly by G. F. 
Chew, F. J. Dyson, H. A. Bethe and 
their co-workers) also appear to show 
agreement with 


some promise ol 


observation 
On the experimental side, the field 
both 


accelerators and with cosmic rays, has 


ol high-energy research with 
been marked by a great deal of careful 
aimed, on the 


the nature of 


experimentation one 


hand, at elucidation of 
the 
ing mesons and nucleons and, 


other hand, at establishing the exist- 


fundamental interactions involv- 


on the 


ence and the properties of the many 


new unstable particles which have 


come into being in recent years 
As a 


been no spectacular 


result, although there have 


new discoveries, 
a good start seems to have been made 
into the field. 


unfortunately, no 


in bringing some order 
Although 


assurance that the number of heavy 


there is, 


,unstable particles is finite, the con- 
ference gave, at least, some indications 
that we 
understanding of the available obser- 


may achieve a measure of 


vations before the cosmotron and its 
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contemplated followers start to pour 
their discoveries into the already over- 
flowing stream. 

Finally, some experiments at Colum- 
bia and Rochester were reported which 
indicate that the u- and a-mesons, at 
the 


ccepted members of the old- 


least, are well on way towards 
becoming a 
established 


damental ”’ 


respected family of ‘‘fun- 
These were ob- 
emitted 
meson is captured into an 


particles. 
servations on mesic X-rays, 
when the 


atomic orbit and proceeds toward the 
K-shell, radiating as it goes. 

The possibility of applying spectro- 
scopic techniques (albeit of an uncon- 


nature to mesic atoms 
the 
measurements on the static properties 
of these mesons. Although the next 


important step, the study of the meson- 


ventional 


signifies beginning of precision 


hydrogen atom (mesonium), has not 
yet been achieved, results reported 
indicate that it cannot be too far off. 


THEORY OF NUCLEAR FORCES 


The conference began with a dis- 
cussion of the nature of the forces that 


act between nucleons. 


lsotopic-Spin Selection Rules 
The first this 
devoted to a discussion of the evidence 


part of session Was 
for, and consequences of, the charge- 
forces. By 
meant the 
neutron-neu- 


independence of nuclear 
charge-independence is 
the 
neutron-proton, and proton-pro- 


Most 


low- 


equality of nuclear 
tron 
ton 


of this 


forces in the same states. 


derives from 
the 
interactions and on the properties of 
light 


The evidence is, on the whole, 


e\ idence 


energy data on nucleon-nucleon 


the low-lying energy levels of 
nuclei 
indicative of a large measure of charge- 
independence; the real question is the 
small) extent of the deviations from 
charge-independence, their causes and 
consequences. 


To the that 
are truly charge-independent, neutrons 


extent nuclear forces 
and protons may be considered as the 
two possible states of a single particle, 
the nucleon. For convenience, we can 


Imagine & special “charge space,” in 


which the nucleon has two possible 
corresponding to proton 


Formally, this situation 


orientations, 
or neutron. 
is completely analagous to the descrip- 
tion of spin in ordinary space. 

Indeed, this formal analogy can be 
carried out completely by ascribing to 
the nucleon an “isotopic spin,” or 
[-spin, 7 is. The 
orientations of the J-spin, t, = +44 or 


two yx ssible 


correspond, respectively, to the 
proton and the 


containing two or 


neutron. In consider- 


t 


ing svstems more 
nucleons, the J-spins combine, exactly 
ordinary angular-momentum 
vectors, to yield a total isotopic spin 
vector, T DT, total 


ponent, 7’, Yriz, Which is a measure 
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As ao 


and a 2-com- 


of the excess of protons over neutrons. 

In addition to the fact that the 
]-spins according to the 
quantum mechanical rules governing 


combine 


angular momentum, the system must 
obey a generalized Pauli exclusion prin- 
ciple for nucleons, which requires that 
no two nucleons may have the same 
set of 
includes the values of 7,) 


quantum numbers (which set 
The advantage of such an approach 
is that the 


independence of nuclear forces imposes 


assumption of charge- 


certain selection rules on the isotopic- 
The 


past year has seen the beginnings of a 


spin change in nuclear reactions. 


careful examination, both experimental 
and theoretical, of the degree to which 

How- 
at best, 
only approximate, since the forces be- 


these selection rules are obeyed. 


ever, these selection rules are, 


tween nucleons cannot be absolutely 
charge-independent, even if the strictly 
nuclear part of these forces were. 
Thus, the 
between protons are 


forces 


than 


electromagnetic 
different 
those between neutrons; in addition, 
the difference 
leads to a down of 
the isotopic-spin selection rules. How- 


neutron-proton mass 


slight breaking 
ever, it should be possible to evaluate, 
theoretically, the importance of such 
effects, and it is expected that careful 
investigations of the role of isotopic- 
spin selection rules in low-energy 
nuclear reactions will yield considerable 
the extent of the 
charge-independence of the strictly 
nuclear forces between nucleons. 


information on 


Meson Theory 

The Lévy potential, and its influence 
deliberations 
What Lévy actuaily 
did was to compute the neutron-proton 


on the conference has 


been mentioned. 


interaction for a symmetrical, pseudo- 
scalar meson theory with pseudoscalar 


coupling.* He used a_ perturbation 
approximation, but tried to carry the 
calculation far enough to evaluate 
higher-order effects. 

In the 


tions (which, according to Lévy, cor- 


nonrelativistic approxima- 
responds to nuclear kinetic energies of 
less than ~ 40 Mev), the interaction 
is represented by the following rela- 


ith: () 2 


repulsive core, of radius of the order 


tively simple potential 
of the nucleon Compton wavelength, 


h/Me; (2) A“ 


which contains the usual spin-depend- 


second-order” term, Vo», 


interaction terms, 
(wis the 
fourth order term, 


tensor 
of range h/uc 
and (3) a 


ent and 
r-ineson 
MASS ) | 
Vy, which is spin-independent and of 
somewhat shorter range 

By an appropriate choice of two 
parameters, the radius of the repulsive 
core and the coupling constant G?/4z, 
Lévy was able to obtain a reasonable 
fit to the low-energy properties of the 
neutron-proton system as well as to the 
data on n-p scattering up to 40> Mev. 

Recent and 


cCoO-WOr! kers, 


calculations, by Lévy 
on proton-proton scatter- 
ing were reported at the conference. 
Using the same potential, they suc- 
ceeded in fitting the experimental data 
at 18 and 32 Mev. 

Another result of considerable sig- 
nificance was reported from MIT (work 
of S. M. Drell and K. Huang, reported 
by V. F. Weisskopf). 
the problem of “saturation ” of nuclear 
the fact that, despite a 


This relates to 


forces—i.e., 
strongly attractive nuclear potential, 
nuclear matter maintains a constant, 
finite density (rather than collapsing). 
Starting from the Lévy potential be- 
tween two nucleons, Drell and Huang 
computed the additional forces which 
result from the close proximity of 3, 4, 
They found that 
. . bodies are repul- 


or more nucleons. 
forces among 3, 5, . 
sive, and that the 3-body force alone 
introduces enough repulsion to assure 


saturation with approximately the 


observed density of nuclear matter. 
An estimate of the effect of the 
attractive 4-body force indicates that 
it does not spoil the saturation, and 
that when it and the rest of the series 


*A pseudoscalar meson is one of zero 
spin and negative parity, 
the proton; the 
Symmetrical 
treated equally, 
pendence of the Pseudoscalar 
coupling that the field is 
coupled to the nucleon field through the 
gradient of the latter. 


with respect to 
beast 
signs 
which assures charge inde- 


r-meoon is such a 


means mesons of all 
forces 


means meson 
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are taken into account, there is reason- 
able expectation that the saturation 
If so, 
this will be a satisfactory solution to a 


properties will be maintained 


long-standing dilemma, even though 
it would mean that two-body forces 
alone are insufficient to account for the 


known properties of nuclei. 


FUNDAMENTAL 7-MESON INTERACTIONS 


The most fruitful field for the study 
of the nature of the m-meson interac- 
tion with 
available two-body reactions between 
One 
of the most significant results of the 


nucleons is in the few 
m-mesons, nucleons, and photons 


1951 conference was the presentation 
of strong evidence, from the scattering 
that the 
I-spin plays a dominant role in deter- 


of m-mesons by nucleons, 
mining the nature of these interactions. 
If we 
intrinsic J-spin of + 1 (7, +1, 0, 
ly, to at, 


ascribe to the m-meson an 
—1 correspond, respectively 


0 


wr, and w~) then the interaction of the 


m-meson with a nucleon (7 lg) can 
take place in either of two possible 
¥ %¢ or T 1g, of the 
total /-spin. The old ey that 
the interaction is primarily in the 
state 7’ 3¢, has 


firmed and extended. 


states, 
idence, 
been further con- 
It is encourag- 
ing, also, that the results of meson 
theory, insofar as the calculations have 
been successfully carried out, confirm 


these experimental indications. 


Nucleon -+- Nucleon — d 
The reaction 
pt+ped+r 


has been extensively investigated, in 
both directions, at Berkeley, Roches- 
It was by appli- 
detailed 
that the 
spin of the m-meson was shown to be 
that the 


m-meson has a kinetic energy of ~ 55 


ter, and Columbia. 
the 
balancing to this reaction 


cation of principle of 


zero. For energies such 
Mev in the center-of-mass system, the 
angular distribution of this reaction is 
proportional to 0.2 + cos? @ 

Work was reported from Chicago 
(work by Hildebrand, 
H. L. Anderson) on the complementary 


reaction 


reported by 


n + p -d+n 


Assuming charge-independence of the 
nucleon-meson interaction (which is 
equivalent to saying that the matriy 
element for the reaction depends only 
on the value of the total 7-spin, which 
is unity in the case of the p-p reaction), 
the n-p reaction should have the same 


angular distribution as, half the 


44 


and 


total cross section of, the p-p reaction. 
Hildebrand that the 
angular distribution in the n-p reaction 
is proportional to 0.2 + cos? 6. No 
measurements have as yet been made 
This result 
is perhaps the strongest evidence, to 


found, indeed, 


on the total cross section. 


date, for the charge-independence of 
the r-meson-nucleon interaction (which 
is, presumably, the origin of the 
nucleon-nucleon interaction). 

The 


between the 


above-mentioned connections 


P-p 
represent but one example of a set of 


and n-p reactions 
pene ral relationships bet ween the varl- 
ous nucleon-nucleon, m-meson-produc- 
ing interactions which can be derived 
considerations of charge inde- 


These 


been explored by a number of investi- 


irom 


pendence. relationships have 
rators (reports by H. L. Anderson and 


L. Van 


recently been published (2). 


Hove), and the results have 


Scattering of 7-Mesons 
Thi ee 


sively investigated: 


reactions have been exten- 


>D 


t 
t 
t 


T rp-—-p 
at Chicago (Ff, 120 and 135 
and at Columbia and Rochester 
The fact that the 


total cross sections for these reactions 


\ev) 
lower 


7T-meson energies) 


are, roughly, in the ratio 9:2:1 was 
even at the last conference, taken as a 
strong indication of the lmportance of 
the /-spin, since the above ratio of 
cross sections was predicted by Brueck- 
that 


3¢ are involved 


ner on the 
states of 7’ 
interaction, 


assumption only 


in the 


In the past year, the Chicago group 
has carried out a series of investigations 
on the angular distributions of these 
reactions, on which a_ preliminary 
report has appeared in the literature 

Improved measurements mainly 
on the second of the above reactions, 
have since been carried out 
by E. Fermi), and 
data that the 
place predominantly in the 


reported 
an analysis of the 
reaction takes 


state ol 


shows 
ordinary angular momentum J 36 


and J-spin 7’ = 34. 


Two important points were brought 
out which still remain to be cleared up: 
(1) An alternative analysis of these 
data has been made by Yang which 
requires that the predominant reaction 
be in the state J 16, T 8¢. The 
latest data that the Yang 
analysis provides a somewhat less good 


indicate 


fit to the experiments, but it cannot be 
excluded. Further improvements and 
extensions of the experiments could 
removetheambiguity. (2) The above- 
mentioned analysis indicate that the 
m-meson interacts with the proton 
mainly in the p-state, which is to be 
expected from the pseudoscalar (nega- 
the 


However, the analyses also indicate an 


tive parity) nature of m™-meson. 
appreciable interaction in the s-state. 
This interaction is considerably greater 
than predicted by any of the existing 
theories. Furthermore, its depend- 
ence on energy is not well understood, 
neither experimentally nor theoreti- 
cally (4). 


The 


meson 


theoretical understanding of 


scattering has also advanced 


considerably. Chew reported on cal- 


culations in which he considered 
higher-order corrections to a perturba- 
treatment in the nonrelativistic 
The result is 


phasize the interaction in the J 36, 


tion 
approximation. to em- 
i % 36 state, and to decrease the inter- 

Indeed, the 
3¢, 36 interaction, in the Chew calcu- 


action in the other states. 


lation, takes on the aspect ol a “reso- 
hance, Which is also indicated in the 


experiments. A more exact calcula- 


Dyson, Bethe 


is tending to confirm Chew’s results. 


tion by and co-workers 


Photomeson Production 
Important progress was reported in 


the investigation of two reactions 


4 


The results on 7° production may be 
I’xperiments at 
Goldschmidt- 
and M. B. 
up to 300 


show that the cross section near 


summarized as follows 
and MIT (\ 
Clermont, L. 8. 
Scott), for 
Mev 
threshold (~150 Mey 
cube of the w-meson momentum in the 
that the 
angular distribution is proportional to 


Cornell (4 
( sborne 


y-rays ol energy 
increases as the 


center-of-mass system, and 


a+ bsin® @, with b/a ~ 1-5. 

The 
extended by the successful operation 
500-Mev syn the 


Technology, 


y-ray energy range has been 


hrotron = at 
Institute of 


ol a 
California 
were re- 


which measurements 
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from 





ported (by R. F. Bacher) on the 7° 
production cross section (at 90-deg to 
up to 450 Mev. 
what surprising result of these measure- 


the beam The some- 
ments is that the cross section appears 
to go through a relatively sharp reso- 
nance, with its peak at a y-ray energy 
of ~320 Mev, and falls to ~25% of 
the peak cross section at 450 Mev. 
Whether this represents a real reso- 
nance remains to be seen, but these 
results, coupled with the strong indi- 
cations that the interaction appears to 
take 
intermediate 
y 44, 
meson scattering and photo- 


place predominantly through an 
state of J = 3g and 
point up the connection be- 
tween 
production, and indicate a gratifying 
simplicity in the fundamental meson- 
nucleon interactions (6). 

New 
distribution in the second of the above 
from MIT 
reported by L. S. Osborne) and 
reported by R. R. Wilson). 


This distribution shows a decrease in 


measurements on the angular 


reactions were reported 


Cornell 


the forward direction, with an angular 
distribution of the 
with b/a ~ 0.5. Such 


form a — bcos 6, 
a distribution 
indicates interference between mesons 
produced in an s- and a p-state (elec- 
tric-dipole and magnetic-dipole y-ray 
absorption, respectively). 

The the 
reactions (discussed by H. A. 
and B. T. 


dence for 


photomeson 
Bethe 
Feld) provides strong evi- 
the 
photoproduction and 


analysis of 


connection between 


meson scatter- 
ing; indeed, the same set of parameters 
seem to fit both sets of data. Again, 
however, there is some ambiguity in 
the interpretation, it being still pos- 
sible to assume that the reaction takes 
place either in the state J = 34, 
T = 3g orinthestate J = 4%, T = 34. 
A comparison of the cross sections for 
the two reactions seems to eliminate 
the T = 14 state, but this is by no 
means conclusive as yet, owing to the 
difficulty of 
measurements with a bremsstrahlung 


absolute section 


cCTOSS 


y-ray beam. 


PROPERTIES OF UNSTABLE PARTICLES, OLD AND NEW 


As is always the case at such con- 
ferences, a large fraction of the time 
devoted to a the 
unstable 


discussion of 
data on the new 
In this field, 
little to contribute, and 
cosmic-ray investigations still provide 
the data. In- 
stead of summarize 


was 
manifold 
particles. accelerators 
have as yet 


major source of new 
attempting to 
the excellent 


the following paragraphs 


separately many con- 
tributions, 
represent this author’s opinion as to the 
bet ween 

These 
lean most heavily on 
from the Cal Tech group 
reported by C. D. Anderson and R. B. 
Leighton), 
by C. 


Indiana 


status of and connections 
the observed unstable particles. 
conelusions 


reports 


the MIT group (reported 
and B. Rossi), the 
(reported by R. D. 
the Bristol group 
Perkins).* 


Peyrou 
group 
Thompson and 


ted by D. H. 


The u-Meson 


Ir} the first meson to be dis- 


s the major hard component 


COVE red 


rays at sea level. Its mass 


* Because of the uncertainty as to its 
istence, the t-meson ({ — 2r + <2 Mev) 
will be omitted from this discussion. The 
arguments, pro and con, were reviewed by 
M. M. Shapiro and I). H. Perkins. 
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masses) and its 
10°° The 
decay scheme is p* — e* + 2v (vy = 


is 210 m, (electron 


mean life is 2.1 X see. 
Its spin is probably 144 and 
neutral 


neutrino). 
there is no indication of a 
p-meson. 

The observations on y-mesic X-rays 
made at Col- 
J. Rainwater), 
structure, 


from various elements, 
umbia (reported by L. 
show indications of a fine 
from which it should eventually be pos- 
sible to obtain the magnetic moment. 
The Bristol group reports some indica- 
tions of direct w-meson production in 
nuclear disintegrations, but the extent 
Most 


u-mesons come from m-meson decay. 


of this production is not clear. 


The 7-Meson 

This is the meson primarily respon- 
sible for nuclear forces, at least at low 
energies. It is produced copiously by 
present-day accelerators and its prop- 
erties have been discussed in a pre- 
ceding section. There are three types, 
m*> (mass 285 m,) and 7° (mass = 


275 m,). The decay scheme of the 
charged w-mesons is r* — p* + v with 
10°-* sec. For the 


» 2y and, alterna- 


a mean life of 2.8 & 
neutral 
tively, in about 1 out of 80 decays, 
wr—+>yt+et+e. 


0 


meson, 7 


the alternative 
mode of decay, at Chicago (reported by 
M. Schein) and at Bristol, show that 


the electron pairs originate very close 


Observations on 


to the source of the w® and indicate a 
lifetime for the w® between 107! and 
10-** sec. A group at Rochester 
(reported by J. B. Platt) has observed 
X-rays earbon and 


w-mesic from 


oxygen. 


The 7-Meson 

There are now seven examples of 
T-meson decays observed in nuclear 
examples of 


and several 


decay in flight observed in cloud cham- 


emulsions, 


bers. The decay scheme is probably 


tT — wt + 9 + w* + 75 Mev 


and the mass is about 975 m, and the 
lifetime about 10°° sec. 


The V,°-Particle 

Since the original report, by Roches- 
ter and Butler, of neutral and charged 
V-particles 


produced In cosmic-ray 


nuclear these particles 
the 


now 


interactions, 
have widely studied. Of 
various types reported, the V,° 


been 


seems very well established, and has the 
>p+m + 37 Mev 
and a mean life of about 3 & 107% 


decay scheme V ,° 
sec, 

These are relatively abundant among 
the 
interactions, but it is not yet certain 


products of cosmic-ray nuclear 
that they can be produced alone (i.e., 
that they are not produced either in 
pairs or together with another type of 
In this regard, it 
is of great interest to see whether they 
the 
On this question there 


unstable particle). 


can be produced by available 
accelerators. 
inconclusive positive 


is some rather 


evidence from Chicago (reported by 
M. Schein) and Illinois, but the cross 
section, if not zero, is certainly very 
There not 


yet conclusive, that there may exist a 


small. is some evidence, 


0 


charged counterpart to the V,°. 


Other V-Particles 

There 
other types of neutral V-particles, as 
well as charged Of the 
neutrals, the V.°-—> rt + r~ + ~200 
Mev (mass ~ 950 m,) seems reason- 
ably well established, while V;° —> 7 + 
a heavier meson, and V,°—> 3 mesons 
may These 
lifetimes of the same order, or some- 


appear to be at least two 


V-particles. 


also be indicated. have 
what longer, than V,°, as have also the 


charged V-particles. I am _ inclined, 


(Continued on p. 60) 
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Wear Studies of Irradiated 
Carbide Cutting Tools 


Isotope-tracer measurements, more accurate than microscopic examination, show a 


constant rate of too! wear. 


With proper choice of isotope and specific activity, G-M 


and autoradiographic techniques can be used under normal machining conditions 


By B. COLDING* and L.-G. ERWALL} 
Royal Institute of Technology 
Stockholm, Sweden 


NEUTRON IRRADIATION of carbide ma- 
chining-tool tips provides a sensitive 
and accurate method of following 
cutting-tool wear. 

In normal operation, tool wear pro- 
ceeds more or less continuously. Mi- 
croscopic examination, which necessi- 
tates interrupting the machining, can- 
not demonstrate this constant rate of 
wear. Consequently, it is necessary to 
machine until the cutting edge breaks 
down or until the wear has reached a 
given amount. <A microscopic investi- 
gation, involving the data in Table 
1, would require at least nine determi- 
nations at three cutting speeds because 
of the poor accuracy of the method. 

Merchant, using radioisotopes, has 
shown (1, 2) that a linear relationship 
exists between tool wear and length of 
machining time. Our investigations 
show that the transfer of irradiated tool 
material to chips and distribution of 
the material on the work piece can be 
accurately measured by Geiger-Miiller 
and autoradiographic methods. How 
ever, counting-rate and health-pre- 
caution considerations demand the 
proper isotope selection and optimum 


specific activity. 


Irradiation of Tips 


Two carbide tips—qualities 1 and 2 
in Table 1—were irradiated in a neu 
* Division of Mechanical Technology 

+ Division of Physical Chemistry 
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Front 


FIG. 1. Carbide-tip cutting tool characteristics 





TABLE 1—Machining Specifications for Test Runs 


Carbide tool composition 


Quality no, | 


Quality no. 2 
Work piece data 


Billet dia. 200 mm, Brinell hardness 220 kg/mm? 
C (% Mn (% Si (%) P 


0.58-0.60 0. SO-1.10 0. 20-0. 24 0.04 (max 
Cutting data 


Depth of cut 2.0 mm 
Feed 0.5 mm /re\ 


Cutting speed 100 m min 
Tool aqeomet 


Nose radius 1.0mm 

Clearance angle r 5 

Side rake 10 

Side cutting edge angle 15 

Nose angle = 00 

Machine: Skoda SUR Lathe 260 * 2,000 mm 
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FIG. 2. Carbide tip (left) and tool shaft 


n/em?/see for 1 hr. 
Ti®! (3), Wiss, Wi87 


were formed. 


flux of 10% 
The isotopes Co, 
and Ta'® 
Choice of isotopes. 
points have to be considered: 
1. The 


sufhicient 


tron 


The following 


isotope must be formed in 


amount during irradiation. 
2. The isotope must emit radiation 
itable for detection 

3. The isotope must have a half-life 
long enough to allow for transportation 
from the pile and machining tests. 

4. The half-life should, on the other 
hand, be short enough to minimize the 
need for handling precautions. 

5. If possible, the isotope should be a 
pure beta emitter to avoid the health 
hazards involved in gamma emission. 

Only the tungsten isotopes are 
formed in sufficient amount during a 
short irradiation (a few days) to require 
The 
riven in Table 2 (4). 


fulfill 


Requirement 5 is better satisfied 


consideration. nuclear data are 


isotopes requirements 
However, 4 greatly favors 
its 24.1-hr half-life neces- 
sitates precautions against health haz- 
Further- 
the shorter half-life and higher 


because 
for only one week or so. 


ron-capture cross section of W'*? 


a shorter irradiation time. 


is preferred for the present 





FIG, 3. 


Tungsten-187 is formed with a tar- 
get-element cross section of 10.2 barns. 
Thus, only very short irradiations in a 
high flux of thermal neutrons are neces- 
sary for production of high activities. 
Mechanical effects of irradiation. 
Prolonged bombardment in a high flux 
of fast neutrons may be supposed to 
cause certain changes in the crystal 
structure (6) and thus in the mechanical 
properties of carbide tips. However, 
if the irradiation takes place in the 
thermal shield of the pile, where the 
flux of fast neutrons is low, the risk of 
structural changes may be supposed to 
besmall. Inthis case, mechanical prop- 
erties are considered unchanged (3). 


Desired Specific Activity 
Preliminary experiments had shown 

that 

material could be expected from the 


transfer of at least 5 mg of tip 
rake (see Fig. 1) during a period of 
20 min. This corresponds to a total 
of 2,000 meters of chips. 

The G-M 


planned to be made with a 10% geome- 


measurements were 
try (as calibrated with UX.) and with 
a mosaic of small pieces of chip with a 
total length of 100 mm. Thus, the 
specific activity of the carbide tips 
necessary for a counting rate of 1,000 
epm is 20 mc/gm. 

Now about 35 


each tip weighed 





TABLE 2——Tungsten Isotope Data 


Half-life 
76d 
W-187 24.1h | 


isotope 


W-185 





0.68, 0.48 (6) 


B-enerqy (Mer y-enerqy (Me 
(30% 


, 0.63 (70% 0. 696, ete. 
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Lathe with radiation shield and dust extractor in front 


total of 1.4 was 


two 


thus, a curies 


sitates rather rigorous precautions as to 


ae 
gm; 


necessary Lor tips neces- 


health hazards, so an activity of only 


material was chosen 


dO 


10-me gm tip 


giving a counting rate of cpm, 


Machining Procedure 
To reduce irradiation costs, the tips 


irradiated before they were 
fastened to the shafts. 
would be expected if the activated tips 
to the shaft the 


usual soldering and polishing method. 


were 
Complications 
were attached with 
Therefore a clamping method was used. 

Figure 2 shows one of the cemented 
carbide tips ground to shape and ready 
The 


pressed 


for mounting on the tool shaft 
the 
against the groove cut across the top 
The pin holds the 


tip in position during machining. 


edge of plate is 


spring 
surface of the tip. 
Turning is carried out in the normal 


that the 
handled by remote control. 


manner except tips are 
Operators 
are protected by a shield and a fan to 
remove radioactive dust (Fig. 3). A 
filter in the fan, checked after the work 
is finished, exhibits no contamination 

The 


tool is then unfastened and mounted in 


The feed is engaged for 30 see. 


position for photographing the top sur- 
face of the tip. The last chips to be 
formed during each 30-sec operation 
the 


The tip of quality no. 1 


are collected and measured with 


G-M counter. 
was used for a total of 35 runs of 30 see 


2 


each, and no. 2, for 43 runs. 


Preparation of Chips 
The turning chips, almost flat to 


start with, become and more 
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more 





curved towards the end of the cutting- 
tool life. 

The flat chips are 
Five piece ~ 


yeces ol 


cut into | 


are place d 


2-cm length. 


side by side to form a square on a 


Perspex disk. This is centered under 
an end-window G-M tube 

The curved chips are broken into 
small pieces of a few millimeters length. 
These pieces are built up into a mosai 
of approximately the same area as the 
groups of flat chips. 
width, total length, 
chips is 


The exact and 
thickness of 


measured, 


each group of 
The activity 


followed 


of one ot the 


groups was for a few days, 


giving a half-life of 24 hr 


Activity Measurement 

To calculate the absolute amount of 
material transferred to the chips, one 
of two methods can be used 

1. The specific activity of the car- 
bide tips can be calculated from irradi- 
ation and nuclear data, if the counter 
efficiency is known. 

a 


material as the tip, used as a reference 


weighed piece of the same 
source, is irradiated together with the 
tip. The piece is dissolved in a suit- 
able chemical agent. <A 


of the solution is evaporated, and the 


known part 
identical 
the 


Dividing 


activity is measured under 

geometrical arrangements as for 
measurements of the chips. 
all activity figures for the turnings with 
the 


radioactive 


cor- 


directly 
ot 


this vives 


responding 


figure 
amount 
material, 
In the 
method 


second 


method 


the 


first 


work, 
The 
gives a check of the results 

Reference sources. As the activity 
of the small reference pieces is too high 


present 
used, 


1s 


to be measured without dilution, these 
are dissolved in molten sodium nitrite, 
the 
1/1,000 of the solution evaporated on 


tungstate dissolved in water, and 
in iron disk with the same area and 
bottom thickness as the turnings, thus 


making backscattering corrections 
unnecessary. 

The activity of the reference sources 
is measured under the same geometrical 


These 


two days 


arrangements as for the chips. 
performed 
Because of this, 
fol- 


an 


operations 
after the other work. 
the reference-source activities 


are 


are 
lowed for a long period to permit 
exact extrapolation. 

The 


amount 


that a small 


activity 


curves show 


long-lived was 
After complete 
decay this remaining ac- 
tivity subtracted 
from the total source activity. 

A linear 
between activity and 
The half-life values for W**’ calculated 


from these curves are 23.9 and 24.2 hr, 


of a 
present in the sources. 
of the W?87, 
determined and 


Is 
semi-logarithmic relation 


time results. 


respectively. These are very close to 


/ 


the accepted figure of 24.1 hr (4). 


Calculations and Results 

For each group of turnings, a total of 
about 3,000 counts was made, giving a 
statistical All 
activity figures are corrected for the 


of 2%. 


error radio- 
deadtime of the counting equipment, 
for the background, and for the half- 
life of W'*? (24.1 hr 

A separate experiment was made to 
find the 
counting rate (to correct for the differ- 
area of the This 


showed that, within the 


relation between area and 


ences in chips). 
experiment 
range of areas used (230-350 mm?*), this 


relation is linear. No corrections for 


the backscattering of the beta particles 
are needed since the thickness of the 
chips gave saturation backscattering 
1.45 (3)]. 

beginning of each run is fixed as 


{backscattering factor 

The 
“zero time.” All radioactivity figures 
are corrected back to that time. 

The corrected counting-rate figures 
for the chips are divided by the count- 
ing rate of the corresponding relerence 
source, giving the weight of the carbide- 
tip material transferred during a cer- 
tain period. The length of this period 
can be calculated from the cutting data 
(including the cutting ratio, 1.e., the 
ratio chip thickness before:after re- 
moval), and thus the material trans- 
ferred in gm/min can be determined. 
that the 
transferred per minute from the tip of 


Figure 4 shows material 


quality no. 2 is almost constant. 


Quality 


during 


large transfer 
ot 3 
an almost constant wear, 


no. | shows a 


an initial period min, 
followed by 

The total amount transferred, found 
by integrating the curves of Fig. 4, is 
given in Fig. 5. As may be expected, 
the curve for quality no. 1 is a straight 
line; for quality no. 2, the relation is 
linear after the initial period. 

All the above figures of counting rate 
correspond — to 
from the rake side of the carbide tip. 


Only for one group of turnings was the 


material transferred 


transfer from the flank also measured. 
For this group of chips, the rake-to- 
flank ratio is 3.5. 

The chips corresponding to 14.5 min 


) 


turning with quality no. 2 gave an 


extraordinarily high counting rate 
(9,000 epm, the ordinary being 400 
This was due to one piece. A 
small the tip had 


broken off and cut a groove in the chip, 


epm). 


plece of carbide 
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FIG. 4. Rate of material transfer from rake side to turnings 
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Total wear of rake side as function of time 
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FIG. 6. Chip having abnormally high activity because 


of broken off piece of carbide tip. 
graph (7). (Bottom) Micrograph 


finally stuck. The size of 
calculated from the activity, 


An autoradiograph [Kodak 


where it 
this piece, 
was l5 ug 


autoradiographie plate (7)| and a mi- 


cre sh are shown in Fig. 6. 


YT 
4 } 


Counting efficiency. From irradi- 


ition and nuclear data, the specific 
activity of the tips immediately afte: 
25 me gm tungsten 


the radiation ts 


corresponding to 10 me gm during the 
eriments 
vith the activity 
corrected for the difference in 

total efficiency for the 
12%, which 
nuts of error is equal to the 
ind when using a UX 


"¢ ()} 


Comparison of this fig- 
of the reference 


‘ quipment ol 


stand- 
the 


flux is not known exactly, this 


course, since 
approximate. The error 


the flux is probably 20% (3) 


Autoradiographs. Because of the 


( ww activity, autoradiographs 
rk piece and turnings were not 
A work-piece autoradiograph 
and another (one of 

ig. S. 
it is seen that the mate- 
» the work piece is dis- 
evenly (the faint lines 
liscontinuously (the black 


region ol spots and 


corresponds to start o1 
This is verified by the 
the axial distance between 


one of which = is 


regiolis 


. equal to the length of the 
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FIG. 7. 
(film: Ilford C) 


(Top) Autoradio- 


transfer of the tool during a 30-sec run. 
The autoradiograph of the turning, 
Fig. &, is but shows no 


very faint 


marked discontinuities 


Discussion 
This that 


with these materials and cutting data, 


Investigation confirms 


there exists a linear relationship be- 
tween the rake transfer and the turning 
time. If this relationship is obtained 


with other materials and data, it will 
be possible to make & COMpPArison be- 
tween different qualities of carbide tips 
the 


edge of the tip breaks down 


without machining until cutting 


A material-transfer-versus-time 
curve could be constructed after only a 
few runs of 30 sec each. The slope of 
this graph gives an idea of the cutting- 
tool life. 


of the second order, which 


However, if a group of curves 
lo not inter- 
sect, is obtained, a comparison can be 
made by measuring the slopes. 
According to Merchant 
of the radioactive method is better than 
that of 
moreover, the cost of making a test ts 
Merchant 
when using cutting fluid 
the 


the accuracy 


conventional methods, and, 


relatively low has also 
shown that 
more than 
attached to the turnings 

Merchant the 


measurements on all 


95% of activity Is 


made radioactivity 
turnings formed 
during a very short period by means of 
thus 


a gamma-sensitive G-M_ tube, 


giving the sum of the activities on both 


Autoradiograph of work piece after turning 


FIG. 8. Autoradiograph of chip formed after 30-sec 
turning (film: Ilfex) 


the The 


method, however, gives the amount of 


sides of turnings. present 


material transferred to one side only, 


thus permitting separate investigation 


of each side. 
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FIG. 1. Cycle of neutrons in a reactor 


Uranium-Graphite Lattices 


Extensive calculations have been made for possible piles of natural uranium 
rods arranged as a lattice in graphite. Details of the methods and the results 
of the calculations are given here for seven important quantities, including 


the critical amount of uranium, the reproduction constant, and the migration length 


By E. A. GUGGENHEIM and M. H. L. PRYCE 


Atomic | nerdu he earch | ; } ni, H 


URANIUM RODS arranged i 
a lattice surrounded by graphite con hese quantities are describec 
stitute one basic form of reactor I tasstone and Edlund 


ula ind re ! follow! character 


article deseribes caleu ny 

sults for such natural uraniu iles fe ommon to all the piles stud 

Variations in the arrangement of the I reacting 

lattice, ma vith equal heigl 
The most important quantitie i ete s differs insignifie 

termined by the ealeu 7 re the ratio of height to diat 

the quantity, UU, of ranium re the minimum « 

quired for the pile to res tead 0 given lattice 

the reproduction constant ; 


square ol the migration lengt nded by ¢ reflector 
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the lattice is square or eled by a neutron with thermal energy derive a value of » from exponential 

before capture is OL experiments on particular lattices, 

Ith, « a, of an air gap The migration length, M, is such The value used in these calculations 
reach rod that the mean square of the distance Is 7 1.308 


kness, ¢, of aluminum traveled by a neutron between its —_ 
' Fast Fission Factor 
yunding each rod creation by fission and its capture ts 
6M?. so that M 4 .. 2 The fast fission factor, «€ 4 is the 
The critical linear dimensions of a ratio of the total number of neutrons 
uluction factor, k, of the pile of given shape in particular, a produced hy fission to the number ot 
ned as the product of four — ¢jpeular cylinder of height equal to neutrons produced by fission by ther- 
J and Pp; whose meaning diameter) are closely related to, and mal neutrons 


on are readily understood determined b i characteristic length 


We use for € a simplified version ol 


to the schematic neutron — ¢alled the multiplication length, which gq. 9.82.1 of Glasstone and Edlund 
in Fig. 1. One of these js denoted bv x Its inverse square, namely 
us near each corner of the — «2, is commonly called the Laplacian. (1) 
ind denotes the ratio of the The approximate formula that deter- 
neutrons emerging from the — mines «2 is « } 1) /M?. 
the number of neutrons The eritieal radius for a pile of given 
x the corner. Pree nme i reflec ft is denoted where ¢, ta Che aban a genagegs eee 
ure of one thermal neutron by Ro and the critical radius for a for fast neutrons, that is, the sum of the 
gives rise to 7 primary pile of the same lattice with a graphite faston and capture crom seotions;: ¢ 
F is the elastic cross section for fast 
Ss neutrons: g; is the inelastic cross sec 





ng counterclockwise around . 
tion for fast neutrons; o, is the total 
a fission neutron, before it is 
cross section for fast neutrons; and 
wn, May cause a fission in 4} Foommendh ote 

: oO; oO, toa a Phe quantity 7 ts 
ind so give rise to more 
the number of neutrons arising from 
itrons, which in their turn 
| the absorption of a fast neutron and 
further fissions, and so on; 
| P is the probability that a neutron 
mary fission neutron, € 
; inside a uranium rod will escape before 
h eventually get slowed : 
suffering any further collisions 


The quantity P is the function of 


V,o shown in Fig. 2, where No is the 


oiueed 
iround the evele, an un- 


ietion of neutrons leaks out 








number of uranium atoms per unit 





before reaching resonance 


<e that remain, a fraction FIG. 2. Relation between P and No.a 


volume, and a is the radius of a rod 


The value assumed for o, Is 4.3 
nance capture in | 
10°24 em*®. and. for uranium of den 


inspecified fraction leaks : 
CCl FaCuIOn Ie reflector, by Che critical quantity sity IS.9°) gm em \ 0.04784 


ng captured in the lattice; : 
‘ of uranium is denoted by U. 1074, so that Vye O.P05 em 
win, a fraction f, called 


utilization lactor, is cap- General Procedure 


ind the cle starts The 


Numerical value ere assumed for 
the coeflicients of Pou the numerator 


Various steps of a complete and denominator of hg | o that this 


enleulati are hy | s followe The 
. lil , iculation are et is TOLOW Ihe a ee 
istendily reacting fast fission factor. €. the thermal! utili 0.0048 P 
no leakage of neu- ition factor ind. the 


vould be / 


resonance 
and 
These numerical coeflicients are such 
that when a 1.7 em. the culated 
niue of € low O.O35 vhiel in 
avreement with exp mental data 
from Argonne 
La xX 19 


10 ** em for which perimental 


c lengths. Th ral if th radius hen cor for information is relatively good, then our 


! of tl | > { { formula corre pronneds ‘ isstumyp- 
tions a O45 - cm 2.47 
10°74 em ind 
which is particularl 
titer creatio \ fu Wum. Is htforward equation 2 shoul 
netic energy ts semMl-empirk but probab 
Primary Fission Neutrons formuba for aterociotion 
For lattice « ilations, it is the lation from aecepted 
L, is such that usual practice to compute ilues of all for a Quand a 17 el 
>of the distunce trav- the other rele i! quantities and then The values of P for Ww ites ot 
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a are taken from Fig. 2, and the values 


for € 1 from Eq. 2 


Thermal Utilization Factor 

The thermal utilization factor, f, is 
the the 
neutrons captured in uranium to the 
total 
captured in lattice. 


ratio of number of thermal 


thermal neutrons 
Alternatively, the 
competitive absorption, (1/f 
the the thermal 
neutrons captured by materials othe: 


number of 


ratio of number of 
than uranium to the number of thermal] 
neutrons captured by uranium, 

If the 
mixture of 


core were a homogeneous 


uranium, graphite, and 


aluminum, we should have the simple 


relation 
\ 
\ 


where N is the number of atoms per 


unit volume, ¢ is the atomic absorption 
cross section, and the subscripts 0, 1, 2 
refer to uranium, graphite, and alumi- 
num, respectively, 

with 
a homogeneous core but with a core in 
the 


aluminum are 


We are, however, not concerned 


which uranium, graphite, and 


separate and occupy 
volumes which we denote by Vo, 4} 
and Vo, respectively 

If we denote the radius of a uranium 
rod by a, the thickness of the aluminum 
sheath by ¢, the width of the air gap by 
icell by b 


ri a f, and the radius of 


then 


or, with sufficient 


sheaths, 
Vo/Vi/) ath 


density were uniform 


If the 
throughout this pile which it is not, we 


neutron 


should have the simple relati 


| 
f 


Mquation 6 gives an approximate 


value of f sufficient for some qualita- 
tive considerations, but it is inacds quate 
for our present purpose, and has to be 
corrected to take account of nonun! 
formity in the neutron density 

For the required modification, we 
begin by considering the simpler sys 
tem consisting of uranium and graphite 


without aluminum. Instead of leq. 6 


52 


we have for the competitive absorption 
of the graphite 

l | Vio.Vip 

f \ oooh opr 
the 


uranium, 


denotes neutron 

the the 
mean neutron density in the graphite. 
The 
schematically in Fig. 3. In 
this 


where po mean 


density in and p, 


neutron distribution is shown 
view ol 
the shape of distribution, it 1s 
convenient to regard the competitive 
absorption of the graphite as the sum 


of two terms written as 
L/f S (8 


‘relative 


called the 


denotes per 


The term RF Is 


absorption term” and 


thermal neutron captured in uranium, 
the number of thermal neutrons which 
would be captured in the graphite 
the neutron density in the graphite 
were uniformly equal to the density 
The term S is called 


in the air gap. 


the “excess absorption term and 


denotes, per thermal neutron absorbed 
in uranium, the excess number of 
thermal neutrons captured in graphite 


due to the excess density of neutrons 


in the graphite over the density in the 


air gap. 

The formulas for 2 and S for the case 
of no air gap are derived in Glasstone 
iedlund 


theor Vy. 


(3) according to classical 
Theu 


a gap, neglecting any ab- 


and 
diffusion extension to 
the case of 
sorption by the air in the 
straightforward In this 
that the net 


thermal neutrons across the boundary 


ip is 
treatment 


it is assumed flux of 


cell is zero. This assumption ts 


or a 
correct only in the limit of an 


pile with 4 1, but is 


trictly 
infinitely large 


considered an adequate approximation 





FIG. 3. Neutron distribution in a uranium- 
graphite lattice 


a finite pile. The resulting formu- 


9) 
10) 


where ko and x, denote the inverse 


diffusion and 


and X, 


in terms of the 


lengths in uranium 


graphite, respectively, and G, 
are defined, as follows 


Jessel functions of imaginary argument 


rl 
2/ 


value Go(x) is plotted against x 
the 
quired for graphite lattices 

Contours of X, 
tions of K,c and x«,b are given in Fig. 5 
for the 
practice for graphite lattices. 

If xyb « 


mula 


The 


in Fig. 4 for range of values re- 


Kic, Ky>) as ftune- 


domain of values required in 


0.4, the approximate for- 


X (Ke, Kb 


is accurate to within 0.001 


We now the 


modification of our formulas if there is 


proceed to describe 


a thin aluminum sheath of thickness ¢ 


Instead of Fig. 3 


Instead of ig. 8 


around the uranium 
we now have Fig. 6 
write, formally, 


it is now convenient to 


R T S 14 


The { 
absorption 
Fig. 6. The 


phite relative 


veral terms of the competitive 
ire shown schematically in 
term R, is called the 


absorption term” 


per thermal neutron 


denotes, | 


captured in uranium, the number of 


thermal neutrons which would be 


captured in the gi iphite { the neutron 
t n the graphite were uniformly 
the density at the 


interface. The 


uranium- 


term S; Is 


nuh 


alled the grapl ite excess absorption 


term’? and denotes, per thermal neu- 


tron captured in uranium, the excess 


number of thermal neutrons captured 


in graphite due to the excess density of 
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Boundary 
equivalent ce 





ahi 











FIG. 6. Neutron distribution in a 
lattice for aluminum-clad rods 


in the graphite over the 
at the graphite-air interface 
term R 


ibsorption term” and denotes, 


is called the ‘‘aluminum 


hermal neutron captured in 
the number of thermal neu- 
ch would be captured in the 
f the neutron density in the 
were uniformly equal to the 
it the uranium-aluminum 
The term B, is called the 
blocking 


um-g! iphite term” 


iotes per thermal neutron 
by uranium, the number of 
neutrons captured in the 
due to an increase in neutron 
that at the 
that at the 
Finally, S» is 


self-blocking 


Irom Uranium 
m interface to 
ir interlace 

2 aluminum 
ind denotes, per thermal neu- 


tron captured in uranium, the excess 
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uranium-graphite 














FIG. 5. 


number of thermal neutrons captured 
in aluminum due to the excess density 
of neutrons in the aluminum over the 
density at the uranium-aluminum 
interlace, 

From classical diffusion theory, neg- 
lecting certain terms proportional to ( 
the following 


and higher powers of ¢ 


formulas are obtained 
| 


R G 
oV 


(19) 
where G, and X, are defined by Eqs. 11 


and 12, respectively; and 1,; and Ul,» are 


Contours of the function X,(k)c, Kb) 


the scattering mean free paths in 


graphite and aluminum, respectively. 


In view of Eq. 17, one may rewrite 


Iq. 14 in the form 


f 


20)) 


where the terms in the brackets may 
be regarded as due to the aluminum. 
The 
stants have been used in our 
tions: Ko 0.770 em kK 
em, Nz 1.784 
which corresponds to a uranium den- 
sity of IS.9 gm em’, \ S030 ”« 10% 


which 


following values of the con- 
enleula- 
0.0200 


10 atoms em, 


atoms em? corresponds to a 
1.60 gm em, 


Vo 


graphite density of 

Nia.) Noo 1.31 * 107% Neo 
0.04, and J,,/l, 0.2 ° 
To illustrate the relative Importance 

of the several terms in the competitive 
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absorption, the following 
quoted from a sample caleu 
for a 1.0 

O.115 
results 
X, = 0.0137, R 
0.0001, B, 0.0004, S» neg! 

| 0.1323, and f (0) 
rough result obtained by 


is 1/f | 


em, ¢ 

and 

were & 
0.0099 


em, 


obtained 


O.0OSS and f 
Resonance Capture 


The 
defined as the probabilit 


resonance @ pe 


tron escapes resonance 
uranitum 

In all our caleulation 
effect of 


sistently 


aluminum = ha 
neglected Th 


sonable, since on the one 


slowing down effeet of the 


is negligible compared with that of the 


graphite, and on the other hand, so far 
known 


there Is hho ippreciable 


capture by aluminum of neutrons that 


} 


have energies above therma!| 


In a homogeneous mixture of ura 
nium and graphite, a sufficiently accu 


rate expression for p would be 


Pp eCXp | 


where, as previously, V is the number 
of atoms per unit volume, and the sub 
scripts 0 and | refer to uranium and 
more 


graphite respectively. Further 


o.o(f) is the atomic capture cross sec 
tion of uranium for neutrons of energ) 
KE, and o,, is the atomic scattering 


cross section of graphite, assumed 
independent of neutron energ) 

range of integration; & 
logarithm of the ratio of 


energ 


neutron before a collision to its 
alter 
The 


over all the 


energy a collision with a carbon 


atom. range of integration ex 


tends resonance bands 


We now define the quantity 7 b 


p 
We then have 


The problem of calculating ; thus 


transformed to that of evaluating the 
integral in the denominator of the 


expression for 7, 
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heterogeneous 


lattice of 


rurning now to a 


consisting of a ura- 
we continue to define 


Eq. 22. Th 


up to now does not 


theor \ 


lead 


precise and compact formula 


Hut it is customar to write 
| p 0 z 
Vol ap lo dk k 


V; are the 


24 


here, as usual, Vo» and 


lumes of uranium and = graphite, 


pectively, and po and p; are the 
rage densities of resonance neutrons 
the uranium and graphite 


Tod E/E) ots 


rather ill-defined quantit 


res pec- 
The expression 
analo- 

to the integral in the denominator 
of Keg. 23. It is assumed to depend on 
the size and shape of the uranium rods 
but to be independent of their spacing 
ind of the properties of the moderator. 


The problem of calculating pis 


transformed to the following two 

a) estimation of the ill 
24, and (b 
We shall 


defined integral in hq 
( timation of the ratio p p 
consider these in turn 
With 
problems 


el hed by 


regard to the first of these 
we adopt the procedure «ce 
Mdlund (4 


valid 


Glasstone and 
nd use the empirical formula 


for radii not less than 0.3 em 


lodk E 


9.25 K 10 

aay h/em 
ih i Vogm 

e M is the mass and S the surface 
area of a uranium rod. The first term 
on the right corresponds to the absorp 
tion of neutrons distributed more o1 
ess uniformly throughout the uranium 
rod, and the second term corre sponds 
ipproximately neu- 


latter 


to absorption ol 


trons In a surface laver, The 


ean be identified with those neutrons 
that enter the uranium with an energy 


ery close to one of the resonance 


and are therefore captured 


energies 
ilmost immediately on entering 
more uniiorm capture can be 
ited with neutrons that enter the 

inium with an energy less near to one 
the can 


@ resonance energies 


vel some considerable distance be- 
being captured 

We have followed Wigner and Wein 

rg in introducing corrections for the 
lation from unity of the factor 


p We 


ve followed 


have done so) because we 
Wigner s school In 
ileulations of othe 


then 


quantities 


e used assumed ilues 


and the final 


estimates should be, as far as possible, 


to those made by Wigne! 


ious constants 


comparable 


1 } 1] 
ana is colleagues f 


Turning now to the second of the 


problems we consider a specified 


energy range which effectively includes 
all the resonance levels of uranium, and 


| neutrons having energies in 


range as resonance neutrons. 


These resonance neutrons are created 
slowing down of fast neutrons 


1) capture in 


graphite are destroyed 
uranium or by 
slowing down to an energy below the 
lowest energy of resonance neutrons. 


If one 


distribution of resonance neutrons, 


vrites down the equations [or 


that these have a striking 


Dbinanece to those lor thermal] 
provided one introduces fic- 
erse diffusion lengths, «’o and 
the uranium and graphite re- 


>). Strictly, the value of 

should, like the integral in Eq. 24 

dd on the radius, a, of a rod, but 

it s entirely adequate to ignore this 

dep ndence on ad and regard a’ is a 
constant characteristic of uranium 

The final result of the W igner-Wein 


berg correction Is to change hq 24 into 


Vit 0 t 


| 0 dk BR 


A 


X z.y) ure 


the same functions defined by 


precisely 


qs. 11 


I and 


and 12 for the ealeulation of thermal 


utilization 
Contours of Xy(k 


Kb) as fune- 


tions of x’;c and «’)6 are given in Fig. 7 


for the values required in 


The 


are shown in Fig. 4 


domain of 


practice for graphite lattices. 
ilues Of Gola 
e in all our calculations we have 
that the uranium is the 

long eylindrical rods of radius 


density IS.9 gm /em we can 


2.67 x 2 
1S.9 a/em 


re assume 
+80 
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1 29, 


we have 


O.0OS19 
IRD 


a,em 


tensity of uranium as 
and that of graphite as 
0.0478 


0.0803 


we have \; 
and \ 


Using these values 


ns ¢m 
ms em 
substituting from Eq. 30, and 
Vy) in terms of a, b, and ¢ 


ve use 
density of uranium 
0.0222 
gin cm 
ig the uranium density to be 
get x’ 0.420 em". 
0.1075 em™. 


istrate the caleulation of the 


mn we 


, 
we use Kk 


esonance escape probability, we give 
numerical values from a sample calcu- 
1.0 em, 


9.0 em. The 


lation 1.0 em, ¢ a 


and h 


lora 


115 em 


O.1375 
().282 
a em 


+) 


0.8930 


Value of k — 1 


The value of & is 


the 
duct nepf. A computational ac- 
of at least 1 10° was 
n each factor so as to obtain 

racy of about 2% ink — 1. 
illustration of the contribution 
factors to A 


obtained as 


part in 


eral we quote the 
i] values in a sample calcula- 
1.0 em, 
The 
1.0225, 


nepf 


for a 1.0 em, ¢ a 
0.115 em 
ults are n 
O.S930, f 


and 6b 9.0 em, 
1.308 € 
O.SS34, & 


0.0548. 


1.0548, and 4 l 


Slowing Down Length 
We ise the 


ind we 


symbol | to denote 
use the following sub- 
r total, O for uranium, 1 for 


2 for aluminum 


Thus 


and 3 for 


Vo-4 + Vo+ V, (32 
In the absence of any alr gap we assume 
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FIG. 7. Contours of the function X,(x’:c, «’ yb) 


declassified experimental results) that 
the square of the slowing down length 
has the value 3S7(V,/} em? for neu- 
trons which escape trom the rod with- 
out making an inelastic collision, and 
231(V,/3 


make an 


em? for neutrons which 


inelasti collision before 
escaping trom the rod 
\Ioreover, the 


which make an 


fraction of neutrons 
he- 
the 
section on tast approxi- 
a,)P the 


lastic cross section for fission neutrons 


inelastic collision 
fore escaping from the rod is (see 
fission factor 

where ao; is 


mately 0; ne- 


a, is the total cross section for fission 


neutrons, and P is the probability that 


a fission neutron makes a collision 
before escaping from the rod 
Thus, in the absence of any air gap, 


we have 


90P} (33) 


assuming o,/o, 2.47/4.3 as in the 
section on the fast 
To take 


introduce an ex 


fission factor 
the 
factor 


account ol 
tra 


gap, we 
written as 


55 





whe ; 

Finally, in terms of the rod radius, a 
the 
the radius, b, of the equivalent cell, we 


bh? ) a 
ite 
b? c t (li)a 


OO)! 36 


outer radius, c, of the gap, and 


have 


where P is the function of a shown in 
Fig. 2. 
We conclude with a typica'’ numer 
ical example for a 1.0 em, ¢ a 
1.0 em, ¢ 0.115 em, and 6b 9.0 


The results are 


( bh? ) 
1.092 
b? c* + ('6)a 


P = 0.212 
L,? 1.092(387 — 90 


Cm, 


Q.212 
102 


Diffusion Length 


As in the previous 


section, we use J 
to denote volume and the subscripts ¢ 
0, 1, 2, and 3 to denote total, uw 
graphite, aluminum, and at 

We further 
with appropriate subscript to 


nium 
respec 

mbol ¢ 
denote 


tively. use the s) 
the fraction of thermal neutrons cap 
tured by the respective material, s 
that 


Cot Ci tC | 34 


In this notation, the thermal utiliza 


tion factor, f, is 
f C. 3S 
and the total competitive absorption is 
| Cd 
- 


Thus Co C and (C. are 


which have already 


quantities 
been evaluated in 
computing f 

In the absence of any air gap, the 
for the diffusion 


formula assumed 


length, L, is 
1? 2 500C (4 | 


where 50 em ts the value assume 


the diffusion length in pure graph 


56 


To take account of the gap, we intro- 


luce a further factor 


when | 
In the 
therma! utilization 


notation of the section 


( R 
R, + 


or, neglecting unimportant terms 
( (Ri + X,)f 14 


We thus 


aHecuracy, 


obtain, with sufficient 


L 
2,500(R, + X, if 


b? ) - 
i? c* + I >a . 


where R,, X), 


the section on 


and f are obtained from 
thermal utilization. 
We conclude with a sample numerical 
calculation for a 1.0 em, ¢ a 

1.0 em, ¢ 0.115 em, and b 9.0 em. 
The 0.1082, X 

0.0137 B 0.0004 
R, + X 0.883 


h ‘ 
1.092 
h ce + ( | »)a- 


I'rom these values, we get 


results are R, 
XR 0.0001, 


0.122, f and 


L 2,500 0.122 O.SS5 1.092 


2904 ¢m 


Laplacian and Radius 


The migration length, M 
to the slowing down length, L,, and the 
diffusion length, L, by M L.? + L?. 


For the Laplacian, x? 


is related 


not to be cCcon- 
fused with xo? or «,*), we use the one- 


formula 


group 


K / V 16 


In the absence of a reflector, the 
radius, R 


to diameter is given by 


ol a pile with height equal 


R 2.873K ! 17 


typical example for a 1.0 em 
a 1.0 em, ft 0.115 em 
9.0 em, we get Le 102 


294 em?, M 


and 
em-, 


696 em?, k | 


0.0548, « 0.0548, 696 7.86 X 10 


em K 1.13 m, and R, 3.24 m 


Reflector 


For the reflectors, the 


Glasstone 


theory ol 


reader is referred t and 


Edlund There are alternative 


approximate formulas of various de 


grees of accuracy and complexity. 


For our present purpose, we choose the 
simplest one-group approximation, ac- 
cording to which, in a graphite pile, 
the radius, R 
is related to the radius, Ro, 
reflector by R R L, 


the diffusion length in graphite. 


the value L 


with a graphite reflector 
without a 
where L is 
Using 


50 em, this becomes 


R R 0.50 m 1S 
The saving in radius due toa reflector 


as calculated on the more accurate 


two-group model is somewhat greate! 
than the saving calculated on the one- 
group model. In a particular sample 
calculation on the two-group model, 
the reduction in radius due to the re- 
flector was found to be 5S em, as com- 
pared with the 50 em 
We conclude that our 


pessimistic 


used by Us 


estimates are 


Rods and Uranium 

If pv denotes the density of uranium, 
then the mass of a single rod of radius a 
and length 2R Is 


2rpva*R 19 


Now 


the radius of a cell 


according to the definition of 6 
the cross sectional 
area per rod is mb Hence the num- 


ber, 


section rR Is 


of rods in a pile of total cross 


R, 50 


uranium, obtained 
19 by kiq 50, Is 


The total 


mass ol 


by multiplying kq 
2rpv (a*/b*) R, 51) 


1S.9 tons 


a 
meters 


i sample numerical example for 
1.0 em, ¢ a 1.Ocm, ¢ O.115 
(I h mm 
3.24 0.50 
O30 


30.5 tons 


UsSSUIINE p 


a 
119 
fons iD) 


the results 
2.74 Ih \ 
274/9 L119 S] 


2.44 


and [ 


Results 


the calculations are 


The results of 
nin the table on the next page for 
alterna- 


each combination of the four 
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Results of the Calculations for Rods Sheathed with 1.15 mm of Aluminum 


R, l ) 1 , F 


(fons) i , Pp . : ) tons) 


0.75 cm, c eo =O0cm = 1.25 em,c ao =O0cm 
> 0 0.902 0.860 0.0312 0.524 :° 7 ) 0 0.906 QO 857 0440 
; 0.888 O.880 0.0392 0.621 5 0.897 O.871 0502 
0.873 O.896 0.0405 0.606 0 O. 887 O 884 0532 
0858 0.909 0.0379 0.535 5 O.876 O.894 0533 
0.850 0.915 0.0341 0.469 


0 0.866 0.908 O5138 
0.842 0.920 0.0299 0.400 


O85 
7TU3 
700 


O03 


to to te to to 


Nw Ww bt & te 


OOS 
5 0.855 0.912 OAT I 702 
0 O.848 O.D19 O415 557 3.35 77 


0.75 cm, c¢ ao = 11cm 
».0 0.911 0.848 028 1.23 em. ¢ ee 
a 5 O52 
0 O.898 0.8755 O57 
5 O59 
0 O.87T8 OSD O50 
5 O57 
0 O.857 O.914 053 
5 O47 
0 0.8385 0.927 040 
5 032 
0 0.812 0.937 023 


0.870 O39 


te 


ys 


0.889 0445 


ys 


-NNwNNH 
~i 


0.9035 O44 


~] =! =] =! 
- WN WW WW te 


O.U1 O385 


- © OO & 
Se KH 


0.821 0.93: 
1.25 cm, ¢ a =2cm 
0 0.907 0. S66 O55 
5 OOO 
0 O. 888 0.8905 0025 
5 O82 
0. 8675 9OS85S OOO 
055 
0.846 925 OANS 
0425 
0 S824 O345 


0.75 cm, c eo = 22cm 

0.922 0.8245 Ol 
0.909 O.854 032 385 y 380 
0.8945 0.876 O43 Bb“ , 2,450 
190 
S80 O. 8904 0465 = 2,030 
q 450 
865 0.908 O445 ‘ 920 
90 
O38 : 2,110 
0 928 029 2.650 


So a 


men~ KH KAW WS WW 


4 
S 


1.5 cm, ¢ 
0 S804 
0.884 
O.875 
0 865 
0. 856 

0 0.835 
0 O S14 


0 cm 

0.837 027 
0.874 047 
0 S87 O48 
0. 899 O49 
0.918 O39 
0.032 (022 


0.943 


~ WW WW WW bo 


1.5 cm, ¢ 

5 O5S 
910 74. } 0. 868 5 O60 
,320 2. OOO 
050 34. 5) 0.860 059 


0 S64 


930 § Os O56 
ROO 0.850 O51 
910 32.: ‘ O45 
O10 ‘ 0.830 27 OSS 
260 i) Woe O31 
680 0 SOU 023 


0 S03 


~ WwW WwW &W tS 


O15 


0 4240 


&en~nAnHA NN NWN 


0.040 
1.5 cm, ¢ 


2 cm 5 O59 S77 
0 850 O41 750 2.0 0. SOUS OOS ROS 
O51 (230 3.! 2.5 O64 RAY 

0 884 O56 OOO : ,.0 0 880 OO4 RHO5 
O57 WO 30.) t.5 063 S30 

0.908 O55 870 30! 0 0 861 OOO 70a 

5 O51 : See 910 : . 5 O55 HO6 
11.0 8445 0.9245 O44 S22 3.5 1.010 Y 0. 842 2: O49 602 
11.5 O36 3 1,200 57 5 0425 0 504 
12.0 0.8185 0.937 026 1.670 0). 822 33 035 0.404 


www Nw 
Nw tw WNW NW bb te 


1 
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tives a 0.75, 1.0, 1.25 


with the three alternatives 


1.0, and 2.0 ¢m The quantities 


lated are b, the radius of the equ 
cell; f, the thermal utilization 
p, the resonance escape factor 
where k is the reproduction co 
K*, the Laplacian; R,, the 
dius; V, the number of rods 
critical quantity of araniun 
results apply to rods with a1 
sheath 1.15 mm thick 

are reproduced in Fig 

give contours of A 


tively, as functions of 


For each pair of values of 

main object ol var 

rmine what value of 

mum value of [ TI value of 
h for brevity’s sake, referred to as the 
yptimum, and is plotted against a in 


ia kor most purposes, data for 


pile of optimum 4 for the given a, « 


ad ¢ are of greater Importance ind 


iterest than those for other values of b 


the same a, c, and ¢. The data 
iting to such piles with optimum 6 
therefore presented in the form of 
es in which various quantities are 


otted against a, for stated alues of 


all at optimum 6. The quanti- 
c*)/a?, k, M?, «x?, R,, N, and 
ilso so plotted in Fig 
Our calculations give a fairly com- 
prehensive picture of the effect of 
iw both the rod radius, a, and the 
equivalent cell of 
reproduction tactor 
Laplac win, K each hay 
While the critical tonnage, 
Lt minimum 
» calculations show that the vari- 
1 with a, for values of b 
give k 1 its maximum 


s quite slow over the range from 








Rodius of Rod, a (cm) 








cm) 


Radius of Rod, 





Radius of Rod,o (cm 




















FIG. 8. Contours of k 
aluminum sheath 


58 


1 for three air gaps and a 1,15-mm FIG. 9. Contours of uranium tonnage, U, for three air gaps and 


a 1.15-mm aluminum sheath 
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FIG. 10. Optimum values of b asa 


function of @ for three air gaps, 
and values of seven quantities at 
optimum b as functions of a for three 
air gaps 
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1.50 em 


1.50 ¢m 


a= 0.75 to a 
maximum near a 
culated value of k for thiek rods 


(a > 2.0 cm) is sensitive to the con- 
stants chosen in the calculation of the 
Since the exper! 


these 


fast fission factor, € 


mental basis for constants is 
questionable, the conclusions on the 
variation of k 1 with a for thick 
rods are untrustworth 

The Laplacian, «*, varies in much 


the same way as / 1, but reaches 


its maximum at slightly smaller values 
of a and 6, and decrease S more rapidly 
thick 
with a to make x? 
The 
much more critically on a and b than 


do k The 


mum’’) values are in the 


with a for rods () being varied 


4 MAXIMUM 
depends 


critical tonnage 


and x?*, minimum opti 
region a 


11.0 + 1.5 


em, depending somewhat on the width 


25 + 0.25 em and b 


of the air gap, ¢ a. Fora eylindrieal 
pile with height equal to diameter 
composed of uranium rods sheathed in 
1.15 mm of aluminum, arranged as a 
lattice in a graphite moderator and 


surrounded by a graphite reflector 
the minimum quantity of uranium re- 
quired appears to be about 26 tons 
The effect of varying the ain 
may be 


the au 


gap is 
far from negligible, as seen 
from Figs. 8-10. Increase of 


gap results in an increase of both 4 | 


In gen- 


and the migration area, M?. 
! 
| 


era the Laplacian, «*, increases 


reaches a maximum, and then de- 


creases, and the critical tonnage first 
decreases, reaches a minimum, and 
then increases 


The 


( a tor 


optimum values of a, 6, and 
minimum tonnage ([ 26 
from the calculations 


0.10 


tons) resulting 


1.25 em ( em), 6 


0.50 


0.25 em 


are a 


11.5 em cm), and ¢ a 

1.5em 

The effect of the gap can be traced 
to its effect on the thermal utilization 
factor, f. The depression of the neu- 
tron density inside the air space below 
the mean level in the graphite, shown 
in Figs. 3 and 6, arises from the density 
with the flux of 
uranium If the 


space is In- 


associated 
into the 
radius of the air 


yradient 
neutrons 
oute! 
creased, this flux is distributed over a 
bigger area, and the density gradient 
This in 


sults in a raising of the neutron density 


is thereby reduced. turn re- 
in the air space and consequently in a 
raising of the thermal utilization. A 
corresponding effect on the number of 
resonance neutrons captured in ura 
nium, which would reduce p, is much 


smaller because of the much more 
uniform distribution of resonance neu- 
trons in the graphite of the reactor. 


In a homogeneous pile, the Various 


quantities of interest would essentially 


lepend only on the proportion — of 


uranium to graphite. In our arrange- 
this 


the volume ratio (6? c?) /a?. 


measured by 
This is 


plotted for the optimum lattice against 


ment is effectively 


a as a parameter in Fig. 10. 
that this 


constant; the value 


a, withe 


It will be noticed ratio re- 
mains moderately 
for the optimum combination of a, 6, 

( a is (6b ( a’ 11.5? 


2.49 1.25?) 


Two useful empirical rules for opti- 
lattices 


minimize l° for 


mum where 6 is adjusted to 
values of a and 


The thermal 


and the resonance 


given 
c a, are the following 
utilization factor, f, 
factor, p, are equal to within 
1%. The 


pendent of a to within 10% 


escape 


migration length is inde- 


* * 


We are greatly indebted to M VW. Goldstein 
and M J. Laird for ne 
und graphs 
This Article is 
fiomic Energy 
Harwell 
changed to refer to 


in this Country 
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eport R/R 922 
Estahlishment, 


have been 


based or 
Reshearch 
Original efe 

material more readily 


avatlable 





High-Energy Nuclear 


lacking further evidence, to associate 
most of these with one or the other of 


the particles mentioned below 


The x-Meson and Others 


A particle of mass 1,000—1,500 m, has 
been seen to stop in photographic emul- 
T-meson of 
Nev 
neutral par 
at least 


sions and decay into a 
unique kinetic energy) 115 
and, therefore, a single 
ticle. The neutral particle is 
as heavy as the 7°, and 


"2. The 


has observed particles which 


possibly iis 
MIT 


stop in a 


heavy as the J group 
plate in a cloud chamber and emit a 
m-meson of apparently the same unique 
(the These are 
probably the same x-mesons. Many 
observers have reported the decay in 
flight of 
probably mostly 


energy S-particle 


particles, also 


The de- 


heaviet 


charged J 
x-mesons 


cay scheme is x*+—7* + a 


60 


Physics (Continued from p. 45) 


neutral, with a mean life between 2 


10-5 and 2 K 10°° sec. The neutral 
decay product may be a_ neutral 
r-meson, Which decays into 2 y-rays, or 


alternatively, the V.°. 


The x-Meson 
\ particle has been observed in nu- 


clear emulsions which decays, after 


stopping, into a w-meson and two (or 


more neutral particles the decay 

yu-meson momentum varies up to ~500 
\lev /e The 
> 1. OOO m,. 


IS K >u*+2v. Thesimilarity to the 


mass of the x-meson is 


\ tentative decay scheme 


u-meson decay tempts one to spec ulate 
ibout the possibility that there mav be 
a family of electron-like particles, of 


which the electron u-meson and 


k-meson are the ones that have 
been observed 


The Bristol group has accumulated 


evidence for direct and 


coplous production ol x- and K-mesons 


considerable 


lumped together unde the name 


in high-energy nuclear inter- 
Whethe 
both, or 


altogether, it is too early to sav, al- 


K-meson) 


actions these’ are all x, o1 


all x, or some other type 


though there is evidence that at 


some of the low-energy ones may be of 


the x-meson type. 


* 


The complete report of the proceedings of 
mference will be published by Inter 


Inc., New Yor} 


SCLENCE 
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FIG. 1. Schematic diagram of power supply and discriminator unit 


A Scintillation-Counter 
Power Supply Offering 
Long-Time Stability 


To obtain statistically valid results at low counting rates, scintillation 
counters must be operated in the region where sensitivity is greatly dependent 
on dynode voltage. In the unit described, the net change in high voltage is 


limited to 0.077% in 22 hours. Long-term stability is proved by a year's operation 


By ALBERT B. SPERRY bility for this application. The output cause large changes in the source count- 
Department of Surgery voltage regulation of commercial scin- ing rate. 
University of Minnesota Hospitals tillation-counter power supplies is ade- But while the signal-to-noise ratio 
Minneapolis, Minnesota quate to allow satisfactory operation at may be large in this region, constant 
high counting rates because almost all background rates are unattainable. 
ALTHOUGH commercial scintillation photomultiplier tubes exhibit sensi- Thus, to provide statistically accurate 
counters are widely used in low-level tivity plateaus. On such a plateau, data, the source counting rate should 
work, most of them have insufficient changes in the dynode voltage within — be at least 50,000 epm. For biological 


transient stability and long-time sta- the usual limits of regulation will not work, with source counting rates of the 
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order of 4.000 epm or 


plateau 


on the 
tistical 


would 
ACCULACS i aa 
short counting period 
In the region wher 
rate is low enough te 
data, the 


is. greatly 


photomult 
dependent 
dynode voltage. Thi 
a power supply and 

designed to eliminate 
in gathering accurate 
low-level data by 


pro 


sary over-all stability 


Power Supply Design 
fegulation of all output 
the 


counting stability 


supply improves tl] 


and f 


ations due to transient 


04 


0.2 


8 


Per Cent Variation 





tuations. The voltage requirements of 


a scintillation counter are | in 

heater supply, (2) a 

supply, (3) a LOO-ve 

supply, and (4) an stable 1,600 

volt dynode supply 
Heater supply. 


designing the scintillation 


Corie problem 
eounter 
low-level work is stabilizing 

the 
the amplitude discriminator 
1 24 


large enough to affect the « 


tivity of pulse il 


voltage variation over 


sion of these stages and 
then 


Sola 


sensitivity In thi 
voltage regulating 
supplies primary voltag 
heater tra 
30% change 


than 1% el 


eriminator 
Fig. 1. A 
CHUSCS less 
voltage 
Plate supply. Thy 
supply shown in Fig 
modification of a com 
with two parallel 2A8 
the 
these tubes, 


62 


supply 
the other 


with 


2) 3 S00-voit plate 


nal tee 


furnishes 


tubes cause reference volt 


currents ol 


7] t] e relerence 


difference amp! 


Because thelr output voltage 


ersture dependent voltage 


re usually unsat 
reterences Tol 
itedsupp! Current ¢ 


these tubes normal 


yperate with drifting temp 


1 
Changing vo 


mut out 


din turn be amplified and trans 


into fluctuations in the 
output how this 


S00-volt 


shows 


Figure | 


difieulty was overcome by using a 


network of resistances and 


unregulated filter out 
QA2’s furnish 


From thei 


uppled DD the 
put Two 


T ibilized 


series 


voltage out 


put, current passes throug i bleeder 


esistor and through an OB2 


Hours Elapsed 





l2 16 


voltage ree 


the 


etiect of a 


relerence 
from. the 
t 


variable suppl 


ive SOUree 


VR 


re Variations 


Current discontinuities in the 


volt when average operating 
less than 


Currents of 15 ma or 


up to 0.3 
10 or 12 ma are 
used 
minate 
VR 


oltage e) 


this trouble although a few 


fluctuating 
en at this current 


tubes output 


give a 


cle on of the VR eireuit i a 


i tolerance to line voltage vat 
ible between the limits of ex 
VR current 


current di 


eeddnyg 


maximum rating and 


rmienemeg continuities 
isarrangement also minimizes output 


} ] 


rit ge changes due to al enuses other 


in external temperature iiations 


Che difference amplifier 


| consists of a OSH7 in cascade 
1L2AN7. The cathodes of the 
I2AN7T are 


on high resistance to 


th a 


connected throug! i 


Con 
ground, so that 


en change in plate current of one 


ode section will cause an opposite 


1 nearly equal change n the plate 


V R-tubes 


which 


<ection.* This 


the clitte 


the othe: 
OMpAres rence between 


rence oltage described and a 


part of the 300-volt 


ut The 


difference 


6SH7 ther amplifies 
ontrols the 
two easily 


oltuue 
etiective resistance ¢ the 
obtained 2A38 rheostat tubes 


An OA2 


e 6SH7 and places 


raises the cathode voltage 


Dias bhi 
rmal operating 1 


OA 


irom a 


discontinuities in the 


irrent 


mart of its supplied 


current is 


13.000-ohm resistor nected to the 


regulated 


300-vol uutput. To 


ise the may voltage ot 


the 68H7, its resistor con- 


nects to the the 
This 


regulation = slightly 


side ol 


Ippl 


tolerance by 
throug! 


\ oltage of the 


range of Input voltuge 


maintaining a larger current 
the 68H7 when the grid 
2AS 

Bias supply. Selenium 
i oltuge 


sapproaches that i ther filaments 
rectihiers in 
-~doubling eicuit) connected 
trans- 


urnish a nevative bins voltage 


across the output of the Sola 


former |] 
An OB2 tube regulates the bi 


eliminate Thi 


is output 


it 105 the Sola output 


fort suppl tempera 


ture-dependence component of the 


ung the 


voltage by kee 
= ! 


OB2’s output 
doubled voltage within a 1 © tolerance 


Aithough it 


regulating circuits 


High-voltage supply. 
possible to build 
entional po 
oltuges 
ire not sati 
tion counter use 
ithe transformer ¢ gh-lrequene 


} 


nsients that mav be picked up 
| 1} lifies Thus i! 


ene } v} oltnue 
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ial effects. A 68H7 Effective output impedance. Thie Figure 2 shows the high-voltage time 


uit diagram amplifies effective output impedance of a power — variation over a 22-hour period after a 


1,600-volt output and — supply, often used as a figure of merit l-min warm-up. The net change in 


reen voltage of the Is defined 4s Z Al Al The high-voltage output ove 


In addition, the volt- measured Z, of the 300-volt supply is — period is 0.077% or 1.38 volts, while the 


the 22-hi 
the 6SH7 is in series 0.33 ohm. The low output impedanec maximum variation of 0.326), occurs 
h-voltage output. The helps to prevent count variations due after | hr of operation, Further vari- 
ition is partly de- to load changes and eliminates de- ations are apparently due to external 

as voltage, because coupling between amplifier stages thermal changes. 

d to the high-voltage Line voltage regulation. ‘The regu- Counting-rate stability. A Co 
lation of the output voltages as a fune- source, an anthracene phosphor, and a 
wotentiometer in a constant- tion of line voltage is as follows 5819 photomultiplier tube were used 


uit controls the voltage to with the supply to determine its 





and keeps the grid voltage Per cent variation for 1% counting-rate stability over a 24-hn 
ilating amplifier within the Output voltage ne volt variation period. The counting rate was about 
rating range when the high- 19,000 epm, giving an expected sta- 
s adjusted. A tap 1,600 0. OO17 tistical accuracy of the square root of 

in the potentiometer to 300 0.0052 245,000 or about 0.26 for 5-min 


iItage output settings in- 105 0.001% counts. The maximum variation tn 





roducible. counting rate experienced was 0.2°% 

It is interesting to note that the high- agreeing with the predicted error \ 

Amplifier and Discriminator voltage regulation is the same as that similar test was made six months later 

y from the photomultiplier — 0! the bias suppl \s mentioned, with the same source and equipment 

goes through an amplifier the high-voltage stability depends After correction was made for source 

he supply. A Schmitt largely on the bias-voltage stability. decay, the test showed no change in the 
liscriminator using two The regulated heater voltage remains counting rate 

1) furnishes a uniform Within a 1% tolerance throughout the 
ght so that the net operating range of the supply Discussion 
is not dependent on the Time stability. The time variation This power supply and discriminator 
ensitivity of the sealer, of the d-c output voltages after a l-min unit has been used at the University of 


sistor of the discriminator is | Warm-up Is as follows Minnesota Hospitals for more than 





npensated to extend the a vear without need of repairs or 
itput linearitv. A GAKS Output voltag ‘er cont change on maintenance, Tap-switch settings re 
rter following the discrimi- produce the required high-voltage and 
iler a negative input 1,600 y discriminator level for a specific use 

300 0.038 No change from the original settings 

105 0.032 for any given application has been re- 


Physical Layout and Ventilation quired. High detection accuracy has 


The pactness desirable in a unit After the first hour the internal tem been maintained in low-level biological 





one described here poses perature of the unit becomes steady, work, such as brain tumor detection 
minimizing output and the rates of change decrease and thyroid uptake measurements 


» internal heating of 





lependent parts. Au 


iflo and metal legs 
ee HEAVY WATER: A NEUTRON PRODUCER 
we Cup - « inh. 
porting table. An indue- { congression é 8 for the Independent Appropriations Ofhice 
the AEC’ s need for a heavy-wate ant, took place 
and AEC witnesses Lawrence Hafstad ‘d 
the inside temperature eactor developme d ¢ eton Shugg (then deputy general manag 
HOP ¢ HArSTAD 
temperature-depend- utilize an entire new approach to the production of heavy water, getting it 


essentially as a byproduct of some other commercial processes handling larg 


ides forced air cireu- 
New products have been cle vised to make | possible to 


tors in the control 
amounts of hydrogen Now, once this is done, heavy water can be used 


en as much ventila- 
an unusual material in reactor 


as more or less of an ordinary material instead of 


rh . 

Phe VR tubes designs, and for this reason we are beginning now to think of other types of 
lon the corner of the reactors which will use this material : The materials-testing reactor 

the power trans- uses large amounts of ordinary water, and the reactor’s) usefulne is a 
' neutron producer j mited, because ordinary water absorbs and eats up the 
voltage suppl 
. neutrons In the new rene tors be ing pl ined ve are going to use the neutron 
producer, h ter, Which is an especially valuable coolant 

Gore: The important thing here is whether or not this plant producing hea 


Characteristics and Performance water will 


resuit in lCOSSeCnit 
Suvaae: It will, in vay: that the ability to use this material more freely 


g ol expense tn some other way 
nts were taken of the out- 
. . Will increase the bpm of the units we are going to build, so that thes vill 
f the 300-v supply, the = ; 

' not have to he is big as they would if they did not have this material 


gulation, the time sta- When Dr. Hafstad stated this increased the neutron-producing 


inting-rate stability. actor. that ean ve can get the neutrons we are after 
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Preparation of a Tritiated Self-Luminescent Material 


By IRVING A. BERSTEIN, WINIFRED BENNETT, MELVIN FIELDS,* and EARLE C. FARMER 


Department 
Boston, Massachusetts 


aromatic erystalline 


Many 


materials fluoresce under external ion 


organic 
izing radiation (1), and if the radiation 
this fluorescence 
Thus it 


self-lumi 


is sufficiently intense 
detected 
he expected that «a 


can be visuall 
might 
nescent material could be obtained by 
incorporating a radioisotope into the 
one of these 
Recently 
ported that anthracene labeled with 
activity of OW 
fluores 
cence after the observer was sufficient] 
dark adapted (2) 

Our efforts 
ward the synthesis of 


molecule of fluorescent 


compounds. it has been re- 
earbon-14 of specific 


pe/mg glowed with a visible 


been directed to 


a tritiated self 


have 


luminescent material which could be 
expected to have several significant ad 
vantages relative to phosphors acti 
vated by other radioisotopes 

1. Less hazard. Tritium-activated 
luminescent 


materials should be less 


hazardous in handling and shielding 
than phosphors activated with more 
energetic beta emitters or radium be 
cause of the extremely small range of 
the beta particles from tritium [0.6 
mg/em? for Binax (3 

2. Constant 


more constant 


\ mucl 


ean be ex 


luminosity. 
luminosity 
pected for a tritiated phosphor than is 
presently available with phosphors a¢ 
tivated by energetic 


more Isotopes 


radium-activated phos 


latter 


particularly 
The 


loss In 


undergo it 


phors. vv 
due to 


con 
light output 


the phosphor by the 


tinual 
destruction of 
densely-ionizing radiation 

3. Easier 
vated organic phosphors appear to be 


synthesis.  ‘Tritium-acti 


more feasible to synthesize than ¢ 


activated materials since the tec! 


niques of introduction of hydrogen 


into fluorescent) organic compounds 


are more straightforward 
ADDRESS Ele 


du Pont de Nemoutr 
New York 


* PRESENT 
Division, k. I 
Niagara Falls, 
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of Chemistry and Physia 


Tracerlab, Inc 


for C'4 Also, tritium is available in 


much higher specific activity and at 


much lower cost ($0.10/me for tritium 
in the gaseous state and $36.00) me for 
C'4 in the form of BaCOs; 

The first tritiated 


material we prepared was trans-stilbene 


self-luminescent 


which was obtained by reduction with 
tritium of diphenylacetylene to cis- 
stilbene and subsequent isomerization 
by heat of 


stilbene. 


the cis-stilbene to trans- 


Isomerization is necessary 


since the cis form of the « ompound 


exhibits no significant amount of fluo- 


rescence, whereas the trans-compound 


/ 


has marked fluorescence (4 
transmission  fluo- 
tritiated 


Figure | is a 


rescence spectrum of oul 














FIG. 1. Transmission fluorescence 
trum of tritiated trans-stilbene 


spec- 














FIG. 2. Relative light output vs mass of 
tritiated trans-stilbene 


trans-stilbene undet 


tation.7 


mercury-are e@Xxcl- 
From considerations of work 
on fluorescence of aromatic crystalline 
various modes. of 
X-rays, 


believed 


compounds under 
excitation (4-8) (a, ¥ and 
light) it is that 
this fluorescence spectrum represents 
the scintillation light emitted by the 


tritiated trans-stilbene under excitation 


ultraviolet 


by tritium beta radiation 
The tritiation apparatus employed 
in this synthesis is a modification of 


one recently reported (9) which has 


been adapted for use in tritiations 


wherein small amounts of hydrogen 


50 ml to a few hundred ml) are used. 
The procedure described on page 65 1s 
of general utility for tritiation of or- 
ganic compounds containing multiple 


bonds 


Reduction with Tritium 


Into 


were placed it 


a 250-ml hydrogenation bottle 
solution of 1 gm di- 
phenylacetylene in 7 ml of dry benzene 
and 0.05 gm of 1% palladium on cal- 
The tritia- 


according to 


cium carbonate catalyst. 


tions were carried out 


the procedure on page 65, using a 
l-curie ampoule of tritium supplied by 
Oak Ridge National Laboratory The 
reduction mixture was filtered through 


The 


is then removed by 


celite to separate the catalyst 
benzene solvent w 
distillation at about 20 mm_ pressure 
and heating at 50° ¢ 

the benzene 


Radioanalysis of SOl- 


ent showed no radioactivity and thus 


had 


the solvent over the 1% 


Lr ated ho exchange occul red 


with palla- 


dium on calcium carbonate catalyst 


Isomerization by Heat 
The liquid ets-stilbene obtained from 


the reduction reaction was pipetted 


tube liquid 


refrozen and sealed 


into a bomb frozen m 


nitrogen, degassed 


fSpectrum taken = b Dy Bernard 
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under vacuum. The tube was placed 
in a preheated furnace at 315° C for 
146 hr (10). 


white crystals and yellow solid resulted. 


On cooling, a mixture of 


The trans-stilbene was purified by chro- 
matographie adsorption on alumina 
and elution with n-pentane. It was 
found that 0.67 gm of trans-stilbene 
was obtained; this represented a mass 


vield of 67%. 


Tritium Analyses 

Analyses for tritium were accom- 
plished by combustion of the trans- 
stilbene on a semi-micro scale and 
conversion of the tritiated water to 
hydrogen (11 
in an ionization chamber with a Linde- 


, Which was then counted 


mann-Ryerson electrometer (12). The 
equivalence of rate of discharge of the 
electrometer (mv/sec) per millicurie of 
tritium gas was established with ali- 
quots of tritium obtained by mano- 
metric dilution of several tritium am- 
poules of given activity as supplied by 
Oak Ridge. 
cated a specific activity of 360 me/gm. 
The tritiated stilbene was also counted 
by the liquid scintillator technique (13). 


The radioanalyses indi- 


Relative Light Output 

Measurements were taken on the 
total integrated light output from the 
tritiated stilbene as a function of its 
mass by using an RCA 1P21 photo- 
multiplier tube and an electrometer 
circuit for measuring phototube cur- 
rent. Figure 2 is a graph of relative 
light output vs mass of powdered 
tritiated trans-stilbene with the cross- 
sectional area fixed at lem?. It should 
be noted that the powdered stilbene 
seriously attenuates its own emitted 
light (14) as the mass increases. The 
slope of the initial portion of the curve 
is proportional to the relative light 
output per unit mass, independent of 
light absorption in the powder. 

The measured light output of a 
radium-activated self-luminescent ZnsS- 
Ag) phosphor screen{ of 1 cm? area, 
which was stated to have a luminous 
brightness of 12-13 microlamberts at 
the time of measurement, is plotted for 
comparison purposes as the horizontal 
line in Fig. 2. These curves do not 
indicate the relative visual luminosity 
as most of the light emitted by the 
tritiated stilbene is in a region where 
the human eye is relatively insensitive. 


However, it is estimated that the ap- 


t This screen (grade 22M, spec. TT-T-58 
was obtained from Radium Chemical Co. 
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parent brightness of the tritiated stil- 
bene is about 1 microlambert for a 
sample 30 mg/cm? thick. 

Attempts were made to determine 
the physical light yield of the tritiated 
stilbene, i.e., the amount of absorbed 
energy from the tritium beta radiation 


converted into fluorescent light. The 
results indicated a conversion efficiency 
of about 0.6%, which is somewhat 
smaller than the value of 2 to 3% 
reported for organic scintillating crys- 
tals under bombardment with higher 


energy electrons (16, 16). Considering 





Apparatus and Procedure 
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The tritiation apparatus employed is shown above. Capillary tubing is used 
from stopcocks A to G to reduce ‘‘dead-space.”’ 

The hydrogenation bottle containing the catalyst and the material to be 
tritiated is placed in a mechanical shaker, and the reduction is carried out at 
room temperature and l-atmosphere pressure. The entire system with stop- 
cocks D and F open is evacuated through stopcock A with a water aspirator 
until the solvent boils. With stopcock G closed and H and J open, the 1-liter 
storage bulb is filled with tank hydrogen to a pressure greater than 1 atmos- 
phere. Stopcock H is closed, and the system flushed four times with the hydro- 
gen from the storage bulb, the pressure in the bulb being kept under positive 
pressure. 

After the last flushing, stopeocks J and G are closed and the rest of the system 
evacuated. The hydrogenation bottle is left under vacuum by closing stopcock 
B. Then with stopcocks C and D closed and with the mercury at the top of the 
350-ml buret, the tritium ampoule is opened at the break-seal. The mercury 
in the 350-ml buret is pulled down with the Toepler pump at the base of the 
buret, in order to transfer the tritium from the ampoule into the buret. Stop- 
cock E is then closed and the pressure in the ampoule brought to 1 atmosphere 
with hydrogen from the storage bulb. The gas in the ampoule is then pulled 
into the larger buret by lowering the mercury and Toeplered twice back and 
forth between the buret and ampoule to insure thorough mixing of tritium and 
protium. 

This process is repeated until about 100 ml of gas at 1 atmosphere pressure are 
contained in the 350-ml buret. The gas is then introduced into the evacuated 
hydrogenation bottle with the Toepler pump. This direct transfer of the 
tritium-rich mixture is possible since no pre-reduction of the palladium catalyst 
is necessary as when platinum oxide catalyst is employed. 

The procedure is carried out three times in all, and the pressure in the hydro- 
genation bottle is brought to 1 atmosphere with hydrogen from the storage bulb. 
With stopeocks B, D, and E closed, the tritium ampoule is filled to 1 atmosphere 
pressure with hydrogen from the storage bulb, and then this gas is pulled into 
the 350-ml buret. Stopcock F is closed and D opened and the gas forced into 
the 100-ml buret. With stopcocks EF, F, and G closed and B open, the pressure 
in the 100-ml buret is adjusted to 1 atmosphere pressure with the leveling-bulb. 

The shaker is then started and the volume of gas used in the reduction meas- 
ured by means of the 100-ml buret. When necessary, the 100-ml buret is 
refilled with hydrogen from the storage bulb and the reduction continued. 
After the theoretical amount of hydrogen has reacted, the shaker is immediately 
stopped and the apparatus flushed with air to stop further reaction. The 
apparatus is permanently set up in an efficient hood. 








the differences in the methods of com- 
putation and the approximations neces- 
sary, it is felt that the 
between our value and that obtained 


agreement 


by the more exact method is fairly 
good. 

The light output of the 
tritiated stilbene will be quantitatively 
checked as a function of time. It is 


believed that tritiated self-luminescent 


relative 


materials may prove valuable as |umi- 
nous standards for use in the calibration 
of phototubes and optical instruments 
Work is in progress on the synthe- 
sis of other tritiated self-luminescent 
materials. 
+ + + 
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Self-Calibrating Pipette 


for Remote Colloidal Au 


By L. E. PREUSS 


198 


Transfers 


The Edsel B. Ford Institute for Vedical Research 


Henry Ford Hospital, Detroit, Michigan 


Tabern et al.* describe a pipetting 
transferring technique for therapeutic 
amounts of colloidal Au'®* in which a 
slender syringe needle is attached by 
rubber tubing to a calibrated pipette 
and inserted into the bacterin bottle 
This 
pipette be pre 


containing the colloid. method 
that 
calibrated before sterilization to allow 
for the additional volume due to the 
needle. 

A self-calibrating device is useful in 


requires each 


eliminating calibration before steriliza 
tion. An ordinary calibrated pipette 
is attached by means of a transparent 
plastic needle adapterf to a BD-20, 
45 LNR needle. This needle, cut to 
314 in. with the tip squared, will take 
the plastic adapter taper. The adapter 
may be shortened at the pipette end. 
To use the device following Tabern’s 


> 


*D. L. Tabern, G. I. Gleason, R. G 
Leitner, Nucteonics 10, No. 2, 64 (1952 
+ ‘‘Venopak,”’ Abbott Laboratories, Inc 


North Chicago, Illinois. 
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technique, the needle and pipette are 
bacterin 
Aus 
and the liquid drawn in so that it fills 
the needle and the adapter until it just 
When 


this occurrence is observed through the 


remotely inserted into the 


bottle containing the colloidal 


touches the tip of the pipette. 


plastic adapter, by means of a catho- 
tometer or remote viewing mirror, the 
needle is removed from the liquid and 
this volume is then drawn up into the 
pipette where it can be read directly 
on the pipette calibrations. The vol- 
0.05 ml. This 
whole operation takes place behind the 


ume usually is about 
usual lead-brick shielding prior to the 
first transfer. 

The system is advantageous since it 
allows several pipette-needle combina- 
tions to be used without presterilization 
Steam 
found to alter the calibrations on the 
old method, 
is stiff and allows easier manipulation 
the 


pantograph-arm work. 


calibration. sterilization was 


In addition, the adapter 
remote 


and aiming of needle in 


A Simplified 
Liquid-Sample 


Gieger Counter 


By J. U. HIDALGOTS, 
S. B. NADLER, 
and R. T. NIESETS§ 


A reliable, easily manipulated liquid- 


sample counter is needed for much 
of the work with 


clinical medicine. In 


radioisotopes in 
this 
tion, it is standard policy to do routine 

blood 
patients 


Institu- 


radioactivity assays on and 


urine specimens of all who 


have received therapeutic doses of 
radioisotopes. 

\ reliable liquid counter has been 
designed; it is shown in the illustration. 
Since most of the isotopes used are 
gamma-sensitive 
tube was selected. The RCL mark 1 


model 12 bismuth-cathode tube used in 


gamma emitters, a 


our unit is particularly sensitive to 


gamma rays of about 0.4 Mev, and 


t Biophysics Department, Touro Infir- 
New Orleans, La 

§ Biophysics Laboratory, 
versit New Orleans, La 

q Department of Medicine 


New Orleans, La. 


mary, 


Fulane Uni- 


Tulane Uni- 
versity, 


LIQUID-SAMPLE COUNTER with part of 
shielding removed 
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suitable for Au! and I! 
measurements. 

The 
chassis to which a holder for small test 
tubes is attached. The holder, built 


of Lucite and brass rods, is designed so 


is thus 


tube is mounted on a small 


that the test tubes are opposite the 
effective center of the G-M tube. 
Since this institution uses the vac- 
uum-tube technic vacutainers for blood 
sampling, it was deemed more efficient 


and practical to design the sample 
holder for this size test tube (8 ml). 

The unit is set up to hold one or two 
tubes, although more tube positions 
can be provided. Both tube positions 
are calibrated for tubes containing 1, 
Each posi- 
counter 


2, 3, 4, and 5-ml samples. 
tion 
efficiency of 0.225% for 5-ml samples. 


yields a geometrical 


For two 5-ml samples counted simul- 
taneously, efficiency is 0.230%. 


To express the sensitivity of the 
counter in concrete terms, a 5-ml sam- 
ple containing 0.10 microcuries of ['*" 
yields a counting rate of 9.88 eps with 
a background of 1.3 eps. 

A check of day-to-day variation of 
the daily 
standard uranium acetate sample shows 


counter by counting of a 


remarkable stability. A variation of 
less than 2% was found over a 30-day 


period. 





Vacuum Cleaner for Radioactive Decontamination 


By F. R. HOLDEN, R. K. SKOW, and J. TODD 


ya 


San Francisco, California 


Since radioactive contamination from 
spills can be spread widely in a short 
time, prompt decontamination is re- 
quired to protect personnel and to pre- 
interference with radioactivity 


The U. S. Naval Ra- 


diological Defense Laboratory uses a 


vent 


measurements. 


modified industrial tank-type vacuum 
to clean areas that have been 
both 


cleane! 
radioactively contaminated by 
solid and liquid spills. 


The modified cleaner is shown in the 





O12 4 
ee 


Scale(inches) 


Outlet 4 
y Motor 





=e Vocuum-cleaner 
arte tt! cap 
Y 


—— “ 


~ 


ACC. type 
6 filter 


wa 


Vocuum-cleaner 
retainer | 


| 
| 
Lcictincle 


ro 
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Vaval Radiological Defe nse Laboratory 


illustration. Modification requires an 
upper and lower adapter, each so con- 
structed that one of its ends fits onto 
the appropriate cleaner unit and the 
other onto the face of a high-efficiency 
filter the Army 
Corps type 6 filter). Any commer- 


(such as Chemical 


cially available, high-efficiency filter 
can be used. 

The end of the upper adapter is held 
in place on the motor-pump unit by 
with wing 
nuts. The lower adapter is attached 
to the tank unit by the clamps that 
normally hold the motor-pump unit on 
the tank. 
to the faces of the filter by several 


special clamps equipped 


Both adapters are secured 


bolts that pass through holes in the 
periphery of each adapter outside the 
edges of the filter. 

All the modifications required to con- 
vert the industrial tank-type cleaner 
can be made readily in a laboratory 
machine shop. They do not damage 
the cleaner, since the filter unit may 
simply be omitted from the assembly 
for conventional operation. 

Solid or liquid spills are drawn into 
the tank. Several inches of water in 
the tank catch the bulk of the spilled 
material; fine particles are trapped by 
the high-efficiency filter. The inside 
of the tank is coated with a strippable 
film to facilitate its decontamination. 
It is impractical to consider decon- 
tuminating the hose of a cleaner that 
has been used in cleaning up spills of 
radioactive material; consequently, it 
radioactive 


must be disposed of as 


waste when excessively active. 


The NRDL cleaner can be used as a 
source of suction and a back-up filter 
in concentration techniques. In one 
instance, 40 mg of spilled radium were 
concentrated in a gas-mask canister 
that was fastened to the intake of the 
About 35% of the pri- 
mary spill was recovered in this man- 


suction hose, 


ner, even though the radium had been 


widely spread before the clean-up 


started. 


Estimating 
Exponential 
Decay 


By LAWRENCE H. KROHN 
Radiological Safe ty De par tment 
University of Michigan 

Ann Arbor, Michigan 


In radiation control work, an order- 
of-magnitude estimate of the decay of 
radioisotopes or of the attenuation of 
materials will 


radiation by shielding 


often suffice. But estimates based on 


five or more consecutive half-lives o1 
half-thicknesses are almost as much of 
a chore as calculating the exact solution. 

Use of tenth-thick- 


nesses, however, makes it easy to asso- 
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tenth-lives or 





ciate specific times or thicknesses with 
the one-hundredth, one-thousandth, 
etc., values. Half-lives and half-thick- 
nesses are common values. The con- 
version to tenth-lives and thicknesses, 
the 


involved, is merely 
Ty, = 3.3227, 
or, within 0.3%, Ty, 10 Ty. 
In the application of this result, three 
degrees of accuracy of estimation can 


because of exponential relation 


be used. The most coarse estimate is 
made by considering only integral num- 
bers of tenth-lives. For instance, after 
three such periods, 0.001 of the original 
After 0.00001 


Within any tenth-life period, 


activity remains. five 
remains. 
interpolation can be made with the 
These 


1,, of the activity present 


first, second, and third half-lives 
give '5, 4, 
at the previous most proximate tenth- 
The highest 
by this method is gained by estimating 


life terminus. accuracy 


the activity within a half-life period 


Half-Life Example 


Consider a bag of laundry con- 
taminated with I'*'!, whose highest spot 
If this is kept in 
reads 0.1 
stored? 


(All values in calculation are in days.) 


reading is 50 mr/hr. 


a storage vault until it 


mr/hr, how long must it be 





Half-life of I'*': 8.0 
Tenth-life 1% & 8.0: (roughly 27.0 


50 to 0.5 mr/hr takes 2 tenth-lives: 54 
0.5/4 is 0.125 mr/hr in two half- 
lives: 16 
0.125 to 0.1 mr/hr in about 2 days 
of the next half-life: 
TOTAL: 





A tabular solution gives 71.74 days 


Half-Thickness 

Suppose a large source of Co® is 
causing a gamma level of 700 mr/hr at 
a concrete wall rather far from the 
What is the minimum thick- 
ness of concrete required to reduce the 
thick- 


inches.) 


source. 


intensity to 6 mr/hr? (All 


nesses in calculations are in 





Half-thickness (concrete, 
Mev gamma): 

Tenth thickness (1% X 2 

700 mr/hr to 7 mr/hr takes 2 tenth 
thicknesses: 

Additional integral half-thicknesses: 

7 to 6 mr/hr takes about 0.4 in. into 
the first half-thickness: 


TOTAL: 





A tabular solution gives 14.43 inches. 
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TYPICAL CARD slotted for classification and selection 


Punched-Card ClaniRcatian 
of the Nuclides 


By J. J. BONINO and K. M. LAING 


Pittsburgh Plate Glass Company, Glass Division Research Laboratory 


Creighton, Pennsylvania 


The most comprehensive and recent 
lists of the properties of the nuclear 
appear to be the National 
Bureau of Standards compendium 
“Nuclear Data” (1), and the ‘“Tri- 
linear Chart of the Nuclear Species” 
(2). In Britain, Lenihan (3) 
described a system of presenting some 


species 


has 


of this information on cards with the 
edges punched and notched. 

We _ have 
punched cards, in our case sold by the 


similarly made use of 
\MeBee Company for general classifica- 
tion purposes. Data are coded into the 


edges of these cards by selectively 
slotting between the hole and the edge, 
or between holes of a double row. A 
predetermined card or a series of cards 
can be selected from the pack by the 
use of a long needle which penetrates 
When the 
is lifted, the notched cards drop free of 
the pack. 

One set of holes carries the alphabet, 


the aligned holes. needle 


so that the symbols of the elements can 
Both symbols for elements 
such as Ra*? 


be coded. 
with two names, * and 
ThX, are used. 

The (Z) the 
mass number (A) are coded in a series 
of “fields,” 
holes are labelled 7, 4, 2 and 1. 


atomic number and 


one for each digit, whose 
Thus 


the ecard for a nuclide with a known A 
or Z can be searched for and selected 
from the randomly ordered pack of 
cards. 

The half-lives of radioactive species 
are divided into 42 classes of limited 
The number of each class is 

coded fields. 


Thus all nuclides in a given narrow 


range. 

similarly into two such 
half-life range may be easily selected. 
The energies of the various emissions 
are coded in a somewhat similar, but 
more direct, way. There was room for 
coding, in individual holes, whether or 
not the nuclide was stable, the kind of 
active the 
availability from the AEC, and the 


emission from isotopes, 
presence of natural radioactivity. 

We prepared these cards in triplicate 
able to 


number of 


and are honor a reasonable 


requests for loan of a 


set for examination, and, if desired, 
reproduction, 


BIBLIOGRAPHY 


K. Way et al., “ Nuclear Data,”’ circular 499; 

see also Supplements 1, 2, and 3 (U. 8S. Govern- 

ment Printing Office, Washington, D. C., 

1950-1952) 

W. Sullivan, “ Trilinear Chart of the Nuclear 

Species"’ (John Wiley & Sons, Inc., New York, 
1949 

. J. M A. Leniban Isotope catalogue on 
punched cards, Brit. J. Applied Physics 3, 29 


(1952) 
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for small vacuum jobs 


Reliable performance and fast pumping 
speed are what you want in a vacuum pump 
—and they're what you get with Kinney 
Model CVM 3153. Compact, lightweight, 
this “% HP vacuum pump gives you free air 


displacement of 57 liters (2 cu. ft.) per min. 





KINNEY MANUFACTURING CO., Boston 30, Mass. Representatives 


—and absolute pressures down to 0.2 
micron. It’s the only compound vacuum 
pump in this size class—and the only midget 
pump which provides the advantages of the 
famous Kinney oil-sealed, rotating plunger 


pumping mechanism. 


SEND COUPON FOR COMPLETE DETAILS 


KINNEY MANUFACTURING CO. 
3614 Washington Street, Boston 30, Mass. 


C) Please send Bulletin SV-51 describing Kinney Vacuum Pump 
Model CVM 3153. 


C] Who is the Kinney representative in my region? 
Name 
Company 


Street 


in New York, Chicago, Detroit, Cleveland, Atlanta, Philadelphia, 
Pittsburgh, Charleston (W. Va.), Los Angeles, Houston, New 
Orleans, San Francisco, Seattle, and foreign ccvuntries. 


14) 


Vol. 11, No. 2 - February, 1953 Want more information? Use post card on last page 


City State 





SUBSIDIARY oO F THE N E W Yor K BRA KE 





Determination of Film Exposure 
by Activation of Ag— 


By ISADORE B. BERLMAN 
Radiological Physics Division 
Argonne National Laboratory 
Chicago, Illinois 


In another article* the new method 
of determining the amount of reduced 
silver on exposed and developed film 
was described. This method involves 
the activation by neutrons of the silver 
remaining on the gamma-ray-exposed 
film after development, and detecting 
the short-lived (2.3-min) beta activity 
of Ag’®® by means of an end-window 
G-M counter. It was shown that the 
maximum gamma-ray exposure on du 
Pont No. 510 film determinable by 
the neutron activation method was in 
the vicinity of several hundred roent- 
gens, 
turer recommends the use of this film 


Considering that the manufac- 


in the range of 1-35 r, this method pro- 
vides an appreciable range extension. 


*I. B. Berlman, H. L. 
Rev. Sei. Instr. (in press) 


Lucas, H, May, 


The activation method has now been 
repeated with measurements made on 
the induced radioactivity of 270-day 
Ag!!9, 
vantages over the other inasmuch as 


This procedure has some ad- 


the much longer half-life permits meas- 
urements after the decay of activated 
impurities such as K#?, Na*4, and $5 
in the emulsion; moreover, the abun- 
dant emission of gamma rays from 
Ag!!° also permits measurements with 
absorbers thick enough to eliminate all 
beta activity. 

The same set of calibrated films that 
was described in the previous report 
was activated by a flux of the order of 
10 minutes. Each 
film was activated individually. A 
Nal(TI) with a 5819 photo- 
multiplier and a conventional amplifier 


10" n/em?/see for 


crystal 





Densitometer Readings Versus Activation Counting Rates 


Densitometer 


Exposure (r) reading D, C, 


First set of films (x 136) 
10.5 0.75 
21.8 1.50 
43 3.15 
86.2 5.10* 
136 iw 
214.! 8° 
545 
1,156 


Second set of films (x = 5) 
0.4 0.02 
0. 0.03 
* 0.06 
3 0.13 
5 0.24 
10 0.56 


Third set of films (x = 0.8 
0.05 0 
0.1 0 
0.2 0 
0.4 0.01 
O.S 0.03 


* Densitometer readings obtained by reme 


Ictivation 


Ratio Ratio 


cps D,/D; C,/C,; 


ving reduced silver on one side of backing. 





70 


to detect the 
The 


use of lead shielding and proper bias- 


and scaler were used 


resultant gamma-ray activities. 


ing reduced the background to 0.5 eps. 
The results are tabulated in the first 
part of the table. 
the exposure in roentgens, column two 


Column one gives 


the densitometer reading (D,), column 
three the counting-rate of a film minus 
the counting-rate from a blank, column 
four normalizes the values in column 
two at 136 r, and column five normal- 
izes the values in column three at 136 r. 
The counting rate of the blank was 
1.3 eps, and the counting time was 
1,000 sec. 

It must be noted that these readings 
were the result of one set of films. As 
in densitometer work there is a vari- 
ation in the H-D curves from one batch 
of film to another, so here there is an 
expected variation from one batch of 
film to another. 

Although the manufacturer recom- 
mends the use of this film to the lower 
range of | r, it was of interest to deter- 
mine how far the linearity could be 
extended below 1 r. The second part 
of the table contains analogous results 
on a second set of films exposed to Ra 
gamma radiation in the from 
0.4 to 10 r. 
values of the 


range 


Columns four and five 


give the densitometer 
readings and counting rates, 


The count- 


res pec- 
tively, normalized at 5 r. 
ing rate on the blank in this set was 
2.7 eps. For better counting rates this 
set was activated by the same neutron 
flux for a time longer than the previous 
set. 

The third part of the table lists the 
results of a third set of film activated 
by a nut (flux times time) of approxi- 
19% 


this neutron exposure deterioration has 


mately 5 x neutrons;cm?, At 
set in and the film has become quite 
brittle. The counting 
blank 35.6 
and five are the densitometer readings 


rate on the 


was cps. Columns four 


and counting rates, respectively, nor- 
malized to 0.8 r. 

The useful lower limit seems to be in 
This limit is set 
by the inherent variation from blank to 
A set of four blanks were ex- 


the region of 0.2 r. 


blank. 
posed independently. The maximum 
variation was approximately 11%. 

In view of the results obtained here, 
one may conclude that the activation 
method permits the evaluation of expo- 
sure of photographic emulsion du Pont 


No. 510 within the range 0.3-—300 r. 


~ * - 


Vrs. Jean Emer for cali- 
second and third 


Thanks 


rating a 


are due 
Y d developing the 


sets of flim 
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research men 
at work 
somewhere else 
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ESEARCH is going ahead at full pace in the 
laboratory pictured above. But nobody has to be 
constantly on hand to supervise tests and record 
data. Here as in many other laboratories, ElectronikK 
instruments take over a lot of the time-consuming 
routine work . . . leaving research personnel free 
for more important duties. 


This particular project, conducted in the Metal- 
lurgy Division of the Naval Research Laboratory, 
is measuring the creep characteristics of various 
alloys. The ElectroniK instruments record and 
control temperatures in the individual testing fur- 
naces. Hour after hour, week after week, they hold 
temperatures accurately in line . . . and draw a 
permanent record of test conditions. 


Take a close look at your own laboratory work. 


@ REFERENCE DATA: Write for Bulletin 15-14, “Instruments Accelerate 


Want more information? 





Wherever you have to take time out to make 
observations, turn dials, write figures on log sheets, 
or adjust operations . . . ElectroniK recorders and 
automatic controllers can save valuable scientific 
man-hours. 


ElectroniK instruments are supplied in many spe- 
cial forms of particular interest to research men. . . 
such as the Function Plotter, Duplex Recorder, 
Extended Range Indicator, Electrometer, and 
Narrow Span and High Speed Recorders. Our 
nearest engineering representative will be glad to 
discuss your applications . . . and he’s as near as 
your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division,4571 Wayne Ave., Philadelphia 
44, Pa. 


Research.” 


Honeywell 


BROWN 


INSTRUMENTS 


Fiat ue Coittiols 


Use post card on last page. 
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The Elements of 
Nuclear Reactor Theory 


By SAMUEL GLASSTONE and MILTON C. 
EDLUND (D. Van Nostrand Company, Inc. New 
York, 1952, vii + 416 pages, $4.80). Ke- 
viewed by Irving Kaprian, Brookhaven 
National Laboratory, Upton, N. Y 


This book should prove a valuable 
reference to anyone interested in the 
The 


important 


theoretical aspects of reactors. 
authors have collected an 
part of the declassified material now 
available and have arranged it in a 
The 
emphasis throughout the book is on the 
the 
basis for reactor calculations and on the 
The result 
is a carefully put-together introductory 


logical and = consistent order. 


theoretical principles that form 


mathematical derivations. 


treatise on the mathematical physics of 
piles, and such a book has been needed 
for several years. 

The virtues just enumerated have 
been achieved at some cost, namely, at 
the expense of the physical feeling for 
No real at- 
tempt has been made to show how the 


what a pile actually is. 


principles of reactor theory are actually 
The 


theory of nuclear reactors, as developed 


applied in design calculations. 


here, seems to be divorced from the 
problems of designing and building a 
pile. This would not be a valid criti- 
cism of the book except for the fact 
that its authors, as well as the authors 
of the forewords, have emphasized that 
the book was inspired by the need to 
engineers in the 
field of nuclear engineering. I think 
that the book will be a great help in 
training theoretical physicists in this 
field, but I cannot help but feel that it 
will be less successful in the case of 


train scientists and 


engineers and others not primarily 
trained in mathematical physics. 

Its scope can best be seen running 
through its contents: 

The first four chapters form a brief 
review of some of the nuclear physics 
needed in pile theory. The 


treat nuclear structure and stability, 


authors 


nuclear reactions, the production and 
reactions of neutrons, and the fission 
process. To one familiar with nuclear 
physics, these chapters will lump to- 
gether, in one place, some useful in- 
formation. The reader to whom the 
subject of physies is not 
familiar will the 

and nomenclature that he 


72 


nuclear 
learn vocabulary 


will need, 





“as well as some ol the necessary basic 
nuclear information. 

The fifth chapter deals with the 
diffusion of neutrons; the emphasis is 
on monoenergetic neutrons which are, 
The 


sixth chapter is devoted to the slowing 


of course, of great importance. 


down of neutrons. This subject is 
treated from a more general viewpoint 
than that usually met, and the problem 
of resonance capture is discussed at 
some length. Chapter seven contains 
a treatment of the bare homogeneous 
the 


critical condition, critical size, and the 


thermal reactor; the theory ot 


distribution in a critical reactor 


In the eighth chapter, 


flux 
is developed. 
the theory is extended to the case of the 
homogeneous reactor with a reflector. 
The group-diffusion method is intro- 
duced and applied to the two-group 
treatment of the reflector. 
Heterogeneous reactors are discussed 
in the ninth chapter. Formulas are 
derived for the thermal utilization, the 
resonance escape probability, and the 
fast factor. In the tenth 
chapter, the time behavior of a bare 
The 


reactor period is introduced, the role 


fission 


thermal reactor is discussed. 
of delayed neutrons is treated, and 
the 


The subject of reactor con- 


formulas are derived for pile 
reactivity. 
trols is treated in the eleventh chapter. 
The effects of control rods are worked 
out on both one-group and two-group 
theory; the effect of fission-product 
poisoning is considered, and there is 
some discussion of the effects of tem- 
perature on reactivity. 

The last three 
thirteen, and fourteen are devoted to 


chapters, twelve, 
the groundwork of a more advanced 
and general theoretical development 
of reactor theory. Among the subjects 
infinite 
kernels, the general reactor equation, 


discussed are slowing-down 
the critical equation for various slow- 
ing-down kernels, group-diffusion slow- 
ing-down kernels, convolution of diffu- 
sion slowing-down kernels, perturbation 
theory and its applications, and finally 
neutron transport theory. 

The detailed treatment of the sub- 
ject matter mentioned is based on the 

Nuclear Reactor Theory 
the Oak Ridge School of 
Reactor Technology. This approach 


course on 
given at 
leads to a degree of coherence and 
consistency in the way in which the 


material is developed. There is in 
existence, however, a large amount of 
declassified material on reactor theory 
from other laboratories in the United 
States, the United 
Canada which is not touched upon by 

Glasstone and Edlund. Although it is . 
obvious that the authors had to make 

their 


Kingdom, and 


own selection of material, it 


could be argued that a considerable 


amount of valuable material has not 
has its existence 
Thus, a 


extensive bibliography of pile theory 


been included, hol 


been pointed out. more 
would have added to the usefulness of 
the book. 

Finally, the very reasonable price of 
the book compensates for the inferior 


quality of the paper and the binding. 


Physical Foundations 
of Radiology 


2d ed., by OTTO GLASSER, EDITH H. QUIMBY, 
LAURISTON S. TAYLOR, and J. L. WEATHERW AX 
(Paul B. Hoeber, Inc., New York, 1952, ix +581 
pages, $6.50). Reviewed by H. M. Parker, 
Director, Radiological Sciences Dept Nu- 
cleonics Division, General Electric Company, 


Hanford Works, Richland, Wash. 


The first edition of this book, pub- 
1944, 
favorite text among students of radi- 
their 


lished in rapidly became a 


with 
did 


the period in which large numbers of 


and those charged 


ology 


teaching. Coinciding as it with 


people were introduced to radiation 
work the 
programs, it proved to be an invaluable 


through atomic energy 
qualitative introduction to radiological 
The 
revised edition will permit the text to 
the 
these fields that its predecessor began. 


physics in that area of activity. 


continue outstanding service in 

In format, the new edition is essen- 
tially The 
changed, but there have been increases 
the 


unaltered. type is un- 


in line spacing and opacity of 
paper, both of which have improved 
the 


peated from the earlier edition have 


legibility. Several diagrams re- 
been acceptably reduced in size. At 
least in the copy made available to the 
reviewer, the quality of reproduction 
of some of the diagrams has unac- 
countably fallen from the general high 
standard of the book. 

Other 
In Figures 1 
neutrons of the 1944 edition are here 


figures have been redrawn. 


1, the unique rod-shaped 
spherical 


replaced by conventional 


neutrons. One can only speculate as 
to the number of peculiar responses to 
that led the 


authors to make such changes. What 
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it’s VERSATILITY that sells 
SANBORN in the field of 
Industrial Recording 


As indicated by references 
at the right, you may 
have a choice of five 
different instruments (A) 
for quick and convenient : rae tat ma ncaa eae 
standard rack mounting ‘| | 
in the system at A, , 
PLUS a choice of up to four 
of any of the three wail aucgusniin Ges shegetagal Gouh Ga 
different type amplifiers (B) pkiow ace 
or any combination 


of these amplifiers 


with the THRESHOLD MONITOR provides means 
for the control of voltage levels or rate of 
change. 


SANBORN ( 


FOUR-CHANNEL 


cs 
OSCILLOGR APH : ) DC (General Purpose) AMPLIFIER 
RECORDING <3 | B< 
SYSTEM all \) STRAIN GAGE (Carrier) AMPLIFIER 


Pane, 


(MODEL 67) 


To 
®ECORDER 


SERVO MONITOR AMPLIFIER—a phase 
P discriminating AC amplifier used in servo 
s shown in the diagram, removing or interchanging any of the am- design and testing. 
A plifiers or other instruments is simply a matter of sliding the unit in 
or out of the mounting rack where contact is made automatically by 
plug-in connectors. Screws at the four corners of the panel hold the 
instrument in place. SANBORN 
Other features of this system which add to Sanborn VERSATILITY 
are the choice of eight paper speeds — 50, 25, 10, 5, 2.5, 1.0, 0.5 and 0.25 1-, AND 2-CHANNEL 
mm/sec, and the use of either 4-, 2-, or l-channel recording paper. RECORDING 
And, of course there are these popular Sanborn advantages: a high 
torque movement (200,000 dyne cms per cm deflection), direct inkless SYSTEMS 
recording in true rectangular coordinates, and provision for code and ,*| 
time markings. & i 
Sanborn Recording Systems may be used to record any one or more 
of a wide variety of phenomena whose characteristics range from static 
to 100 eve les per second. If your record- 
ing problem is not one which can be 
solved by standard Sanborn equipment, ; 
our engineers will be glad to suggest SAN BORN Syatess = cesarean 
. nen ; ° advantages which in- 
ways in which modifications of it may 


clude interchangeability 
of amplifiers and (with 
COMPANY Model 60) preamplifiers. 
A complete catalog of Sanborn Indus- CAMBRIDGE 39, MASS. 


trie! Recording Equipment will be sent 
gladly on your request. 





One channel Model 
128/141 above and two- 
channel Model 60 at 
right both incorporate 





suit your requirements, 
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VET chester lS lectronics 


SOLVES “MINIMUM’’ WEIGHT AND SPACE PROBLEMS 
SM1 SINGLE CONTACT 


SUB-MINIATURE © 


Single- and 
Double-Contact 


CONNECTORS 


MONOBLOC® CONSTRUCTION eliminates un- 
necessary creepage paths, moisture and 
dust pockets and provides stronger 
molded parts. 


MOLDED MELAMINE BODIES (in accord- 
ance with MIL-P14a) — mineral filled 

are fungus-proof and provide me- 
chanical strength as well as high are 
and dielectric resistance. 


CONTACTS PRECISION MACHINED: Pins from 
brass bar (QQ-B611) and Sockets 
from spring temper phosphor bronze 
har( QO-B746a). They are gold plated 
over silver for consistent low contact 
resistance, reduction of corrosion and 
aid in soldering. 


SUB-MINIATURE 
RECTANGULAR 
CONNECTORS 


These connectors also employ standard 
Winchester Electronics features: 


WiGZ 


TERMINALS 


NF 


STAND-OFF 
MINIATURE STAND-OFF 
FEED-THROUGH 


Showa here are but a few of the large line of 

now ilable and which are por- 

ticularly useful in ee space applications: 

Asa lated electrical 

tie point (Stand. oft svpe) and 2) For passing 

high voltage through a chassis or ao panel 
(Feed-through type). 








MOLDED MELAMINE BODY: ( MIL-Spe« 
P-14, Type MTS-G-2 or G-3) for high 
dielectric and mechanical strength. 


TERMINALS: Solder Type ( Bifurcated or 
Turret) brass, hot tin dipped; Screu 
Thread Type (Tapped insert or 
Threaded stud) No. 4-40 or No, 6-32, 
brass, cadmium plated, clear iridite 


finish. 


MOUNTING METHUD: Rivet, hollow alu- 
minum shank (.094” O.D.) assembled 
by swaging or spinning; Tapped Insert, 
brass, cadmium plated, clear iridite 
finish, assembled with No. 4-40 or No 
6-32 standard machine screw; Thread- 
ed Stud, brass, cadmium plated, clear 
iridite finish, assembled with No, 4-40 
or No. 6-32 nut. 


BREAKDOWN VOLTAGE: 
Stand-off Body Length D.C, 


Sf 


3/8” 


Voltaue 

7,000 V 

geoee 14,000 V 

17/32” .. 22.000 V 

19/32” 24,000 \ 

Feed- throwsth Creepage Length 
32 : 


4.500 \ 
9 32” . 


8,000 \ 
74 


SMIS Receptacle 


$ ~2-ta- Es 


SMIH Heed 


SMIP Plug 








SM2 DOUBLE CONTACT 


SM25 Receptacle 


(on 


SM2H Heed 


SM2P Plug 








POLARIZATION: Body design of the “ 
one position only. 
RACK & PANEL MOUNTING: Either plug or receptacle may be panel tary 


mounted with a ! 


— 





Rane 


Sm) SINGLE CONTACT 


| 
a — — 
| 
4 
§ 


Sm2 DOUBLE CONTACT 


SM2” permits engagement in | 


4-28 cadmium plated brass nut. A melamine 
hood protects solde red wires. 








RECEPTACLE 
SMRE 145-6 


Photo and 
Drawing 

of SMRE-14 
actual size 
Other sizes 
determined by 
number o 
contacts. 


PLUG SMRE 14P-G HOOD SMRE-14H ~ 





a 


= 





>t 


Ph 
a = 


rd -ra- | 
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PHYSICAL AND ELECTRICAL DATA 





Recept 
Code 
Ne. 











Nermo! Humidity 


D.C. Volts Breekdown 
Connector Engaged 


| See Level | 60.000 Fr. 


Altitude 
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smip 
sm2P 
SMRE 
7?-6 
SMRE 
14P-6 
SMRE 
20°-6 
SMRE 
26?-6 
SMRE 
29P-G 29 
SMRE 
PG M4 


043 
0225 


0225 


0225 


0725 


0225 


0725 


0225 


02.04 
02 02 


J 1 


2 


2 2 


02 = .... 5400 
2600 


2050 
2050 
2450 «= - 2050 


2 2450 «= 2050 


950 





Track 


Pats 


If Guide Pins ore not desired omit * 


‘WINCHESTER 


Mark 


Pend 


Write for dimensions 
and other details in. 
cluding terminal types 
and mounting methods 


West Coast Branch 
1729 WILSHIRE 
SANTA MONICA, CALIF. 


BLVD. 


‘G’’ in above Code Numbers. 


ELECTRONICS 


INCORPORATED 


GLENBROOK, CONN., U.S.A 


lis more surprising is the failure to cor- 


rect such obvious errors in the same 


\figures as writing HE for helium and 


| CU for copper 


Revisions and Additions 


The text include minor 


jrevisions to 


revisions 


almost all chapters, com- 
plete rewriting of some chapters, and 
addition of new chs 


The 


ceived, 


pters. 


minor revisions are well con- 


Some inclusions, such as the 
"of 

come from the 

of the 


omissions, 


| elaboration elementary — electro- 
| statics, 


| ciution 


authors’ appre- 
difficulties. 
such as the 
jaccount of pre-Coolidge roentgen-ray 
| tubes, the text of 
Most striking of the minor 


| changes is an attempted new explana- 


students’ 
| Some previous 
relieve obsolete 
| material. 


tion of the production of X-rays, which 
to 


elemen- 


jrather courageously amounts an 


admission that a satisfactory 
picture of this basic part of the 
physical foundations of radiology can- 
| not be given! 

| Less satisfactory in some respects 
are the completely rewritten chapters. 
While the general excellence of the 
book stems from the collaboration of 
| four field, 
there areas in which a possible lack 
|of unified approach results. To this 
at least, 


appropriate to attack basic dosimetry 


authors outstanding in the 
are 
reviewer, it would seem more 
of roentgen rays and gamma rays as a 
When with 
dosimetry of photonic radiation, it is 
of birth as to 
photon should be labeled 


“gamma ray.” 


isingle topic. one deals 


purely an accident 
the 


‘roentgen 


whether 
ray”? or 
The Bragg-Gray principle can be used 
as such a base provided that the theo- 
lretical limitations on minimum depth 
ol 
becomes minimum wall thickness of the 


of 
internal 


cavity in the solid medium (which 


derived chamber), and on_ size 


the 


are 


(W hich becomes 
the 


severe 


cavity 
dimension of chamber) stipu- 
lated. These to 
direct practical application are omitted 
text. The 
chamber 


limitations 


advantages 
identical 


from the great 


of using a wall in 
atomic composition with the chamber 
to 


then less obvious to the 


the second limitation, 
student. 


The fundamental separation of dosime- 


'ous 
gas, 


remove 
} are 
| try at this point into (a) radiobiological 
using tissue-wall chambers, 
using 
the free- 


| dosimetry, 


and (b) “roentgen” dosimetry, 


air-wall chambers, including 


chambers, is somewhat obscured 


student. 
| The revised chapter on protection in 


| 
lradiology 


air 
from the 
been sub- 


has expanded 
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stantial in recognition of the exten- 
sive work in this field since the date 
of the first edition. 

The three chapters described as new 
are in some respects quite disappoint- 
ing. That dealing with supervoltage 
generators high-energy accelerators, 
and nuclear reactors, derives half its 
materia from the earlier edition. 
Added are good accounts of the syn- 
chroeyclotron, betatron, linear acceler- 
ator, and synchrotron. The descrip- 
tion of the nuclear reactor is less 
satisfactory. This small section con- 
tains several errors, in sharp contrast 
with the text asa whole. It is doubtful 
whether the student will obtain a sound 
picture of the basie elements of the 
initiation and control of the nuclear 
reaction. It is also surprising that the 
types of nuclear reactor that may soon 
become as common In our universities 
as the cyclotron now is are not even 
mentioned 

Another new chapter is concerned 
with the measurement of radiations 
from radioisotopes. This provides an 
adequate introduction to the field. 
One could quibble about the balance 
of the presentation, particularly in 
such points as the omission of special- 
zed equipment for the assay of liquid 
or gaseous samples, and the rather 
unkind manner in which scintillation 
counters are mentioned, only to be 
followed by a barrage of objections. 
The authors have wisely included 
i section on statistical fluctuation; 
whether this should have had as much 
space as the description of the Geiger 
counter itself is questionable. It is 
perhaps justified by the proposition 
that the understanding of an instru- 
ment requires its actual use by the 
student, whereas statistics can be 

ited fully in the text. 
remaining new chapter relates 
dose considerations for isotopes 
in the body. While the appropriate 
subject matter is covered, it is, to this 
reviewer, done in a singularly clumsy 
manne! To read that the dose per 
minute is given by 2.542 er per hr per 
per gm leads to low reader perception 
parison with a simple general 
la, dose-rate 61(E XK Q)/W 
day, where EF has the same 
is Es, Q is the activity in pe, 
is the mass of tissue in which 
e material is distributed. 
the old “61 Formula,” which 
or the past few vears has been obsolete 
and placed by the “55 Formula,” 
reflecting the essentially universal 
to accept some kind of 
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At 1K 
10 microwatts 


will raise 
100 pounds of 
lead 0.1°K 


in one minute 


The use of liquid helium as a tool for méasuring very 
small heat influxes, suggested some time ago, has been 
reported on recently. By the use of a constant temperature 
calorimeter containing liquid helium, power levels of the 
order of a few microwatts can be measured. This is possible 
because of the almost zero values of specific heats near 
4° K and the small latent heat of vaporization of liquid 
helium. Such a calorimeter has been used for the measure- 
ment of the total emissive energy of a 8 ray source, and it 
should also be of use in measuring low energy » rays. 
A substantial amount of lead could be used at 4° K for 
absorption purposes, with little contribution to the heat 
capacity of the measuring system. 

Directional effects in radioactive emission near .01° K 
have recently been reported from Oxford and Leiden as 
a result of the first successful experiments on nuclear align- 
ment. Various similar experiments have been proposed, 
and, undoubtedly, in the near future, physicists will make 
much more use of temperatures near 0° K where the low 
energies of nuclear interactions become of importance. 


The ADL Collins Helium Cryostat made 
by Arthur D. Little, Inc. is the basic tool 
in low temperature research. It liquefies 
helium and maintains a test chamber from 
normal room temperature to within two 
degrees of Absolute Zero. By using the 
adiabatic demagnetization process, the 
temperature can be further reduced as 
low as 0.0015 K. 
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mmegie eee 2 PILE NEUT ON RESEARCH ee ee ee 


TABLE OF CONTENTS ergs per gram. 

Fundemental concepts of neviren physics This raises a serious objection to the 
The pile os @ neviron source 

Nevtren standordizotion e > bys > v7 ier rhe or 
Fast nevtron research ubject chapter, An earlier chapter 
Spenenes aavivane ta pile accepted the rep as a convenient nota- 
Resononce neviron beams 

Thermal neutrons inside the pile tion Here the rep and “equivalent 
Nevtron diffusion measurements 

Thermal nevtron beoms » ve ” ap) ¢ , ‘ as SST = 
ae roentgen”’ (er) are said to mean essen 
a refraction, reflection, ond polariza- | tially the same thing (both tied to 93 
oe Tae py ergs per gram). Then “er” is used 
Appendiazes 

1. Constants, formulos, and conversion toctors | throughout, and used erroneously on 
2. Atomic mass valves 2 rr 

3. Low-energy neviren cross sections the basis of 83 ergs per gram. The 
4. Experimental course in pile physics 


By DONALD J. HUGHES, The Addison-Wesley 
NUCLEAR SCIENCE & ENGINEERING SERIES 
Clark Goodman, Consulting Editor more W idely accepted notation. (Also, 


=~OP®enevuanaun= 


best interests of the student would have 


been served by the selection of the 
Senior Physicist, Brookhaven National Laboratory 
The r of th rw book is to d t he techniques of le 1 present the books in the series ore as follows | - 

purpose of this new book ts to describe the techniques of pile a = —— sat seca a sae dlsger nal it would help the student to explain the 


Volume | Introduction to Pile Theory . . . . 9, oO _ 
Satied tes Chieks Sian physics behind the 83 and 93 numbers.) 


neutron research as completely as possible, with special emphasis on 
those methods that are peculiar to it 

It is written primarily for those interested in research utilizing nuclear The Science and Engineering of Nucieor Power | Hurther liberties have been taken with 

. lud | J i } f Volume tl Applications of Nuclear Energy 

reactors, including not only physicists studying the interactions o Edited by Clark Goodmon units in the examples on page 395 
neutrons with matter as an end in itself, but also chemists, biologists, Pile Neutron Research . = 
and engineers using neutrons as tools for studies in their own fields. By Donald J. Hughes Here the beta-ray component of dose 
. Other volumes now in preporotion will be an ais 

The general level of the book is that of a first-year graduate course in nounced as published Is ( omputed in ‘‘er,”’ and the gamma- 





physics. However, the explanations for much of the physical phenom t { t} ! 
, a! ay ¢ one entgens: e 
ena involved are placed at a simpler level, in view of the needs of ere tener ‘CR TeTANES si COMPORENL Mi TOCHUGCHS, ; _ 


scientists in other fields Western United Stotes bined dose is then given in roentgens. 
A complete table of slow-neutron (thermal) cross sections, based on 5. W. SIAGEY, ONG This is unacceptable and potentially 
551 Market S1., Son Francisco, Calif . 
a critical evaluation of all experimental data on coherent and in 
Caneda confusing to the neophyte, who must 
coherent scattering, absorption, and activation cross sections, is in 
THOMAS ALLEN, LTD 


y ¥ a Y . >, > , , “9 ve Py 
cluded, These cross sections are constantly needed for research at 266 King St. West, Terente now wonder why the equi valent 


the pile as well as for preparation of radioisotopes, but are not usuall ’ Thi 
‘ t bl ho 1 ee er eee Furope roentgen’ was introduced at all. This 
availiable in one authoritative list WwW. S. MALL & CO 


$8.50 604 Keleorsqrecit, Ansterdem C, Heltend Is a lalr question that could well have 


Cloth bound —6 x 9 416 pages, 161 illustrations Price 
‘ 457 Madison Ave., New York 22, N.Y 


been answered in another part of the 
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For classroom use or more coptes $s 0 each lotia Amorice, Orient, & Seuth Alrice 
HENRY M. SNYDER & CO text 


A ADDISON-WESLEY PRESS, INC. 440 Fourth Ave., New York 16, N. Y 


391 Young Hote! Bidg., Honolulu 9, T. H If the “55 Formula’ had been used, 


VV Cambridge 42, Massachusetts, U.S.A 420-432 George $., Sydacy, Avswelle 





simple extensions could have been 





given to cover the cases in which a 
uniform daily dose is administered, 

the total dose from a single administra- 
tion is integrated over a given time, or 
a biological half-life is to be considered. 
The safe tracer dose calculation is just 
one application of such formulas. It 
could have been more elegantly pre- 


sented as such (and, incidentally, 


FEATURES ‘ without resorting to the ‘‘ microcuries 


J Aturn of a switch will: destroyed”’ concept). 
Series for higher voltage. 
Parallel for higher current. { siderations appears out of place in this 

chapter. The data are given in proper 


The section on personnel safety con- 


dv Each output independently 
metered. 


place in the protection chapter. More- 


J Continuously variable, 0 over, they are restricted to that phase 


to 350 volts. ‘ ~ ol isotope protection that is best 


J Ripple voltage fess than understood by those familiar with 
10 millivolts. ‘ = handling sealed radium sources. By 


dv Regulation better than PPLY inference, the more novel phases which 
5%. MODEL D4 POWER SU involve defense against possible inges- 

dv Maximum current 200 Two Com Pp letel y tion, inhalation, or percutaneous trans- 
milliamperes. Independent mission are minimized. 

¥ Stabilized variable bias Sources of Regulated Power It is the nature of a review of this 


sata type that considerably more space goes 
FSD vets AE at S euperes. into criticism than approval. It must 
REQUEST BULLETIN NO. 54 be emphasized, therefore, that the 
FOR DETAILED SPECIFICATIONS |. norcnective is given by the 


following summary: 


2232 E. BURNSIDE STR The text is an excellent one for its 
PORTLAND 15, 5, OREGON ; intended function as a “compact, ele- 


o> 


mentary and nonmathematical guide 


to radiation physics for the physician 
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d the student.” This reviewer be- 
lieves that a more unified approach to 
the fundamentals of dosimetry would 
have increased its value; he is rela- 
tively disappointed with the three new 
chapters, and particularly so with the 
presentation of dose considerations for 
internal emitters. However, the au-| 
thors are universally recognized as the | 
distinguished core of teachers in this 
field. One can confidently assume | 
that the particular teaching methods | 
presented have been well tested and | 
to lead to adequate under- | 

for the intended audience. 


BOOKS RECEIVED 


Meson Physics, by Robert E. Mar- 
shak, McGraw-Hill Book Company, | 
Inc., New York, 1952, viii + 378] 
pages, $7.50. To be reviewed.) | 
Methods of Statistical Analysis (2d | 
edition), by Cyril H. Goulden, John | 
Wiley & Sons, Inc., New York, 1952} 
v1 + 467 pages, $7.50. 

A complete revision of the 1939 
edition, with some new material added 

for the research worker interested in 
experimental design and analysis. Ex- 
amples are worked out with the neces- 


sary algebra to illustrate theory. 


ALSO OF NOTE 


Radioisotope Techniques—Vol. Il, In- 
dustrial and Allied Research Applica- | 
tions, published by the British Min-| 
istry of Supply. This 177-page pam- 
phlet contains the proceedings of the | 
Isotope Techniques Conference held 
at Oxford, July, 1951, and sponsored 


by the Atomic Energy Research Es- | 


tablishment at Harwell, England. It 
is profusely illustrated and touches 


on general, metallurgical, and chem- 


ical applications, gamma radiography, | 


counting techniques, ion exchange, 
nondestructive testing, static elimina- 
tion ind radioactivation analysis. 
Britisi Information Services, 30 Rocke- 


Je é pP aza Veu York A), NV. Ti $5.75. 


Availability of USAEC Research and 
Development Reports. This is TID- 
1550 (Revision No. 1, November, 
1952), a 20-page summary of ways to 


nd/or obtain copies or ab- 


f the several thousand reports | 
the Atomic Energy Commis- | 
lits contractors. Technical In- | 


Service, Atomic Energy Com- 


P.O. Box 62, Oak Ridge, Tenn. i 
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Here’s why 


THE Vane de Graaff °\s UNSURPASSED 


as a source of controlled, 
powerful, 
ionizing radiation energy 


| ee oe 


The ionizing intensity of its electron beam, 
~ at 2 MeV, is several thousand-fold 
greater than the most powerful radio- 
active sources now available. The 
same accelerator will deliver 5000 
roentgens per minute of x-radiation 


at 10 centimeters. 


cost of radiation energy from a Van 
de Graaff, in terms of gram-rep in 
the irradiated material, is only a tiny 
fraction of the costs associated with 
natural or artificial radioactivity. 


electron or x-ray beam from a Van 
de Graaff is fully controllable in 
direction and shape, permitting efh- 
cient utilization of energy output. 


Your specific questions about Van de Graaff 
equipment will be answered fully and prompt- 
ly. Our experience in applied radiation 
energy is at your disposal in planning your 
research program. 


HiGu VoLTAGE ENGINEERING CORPORATION 


7 UNIVERSITY ROAD 


CAMBRIDGE 38, MASSACHUSETTS 





NUCLEONIC EVENTS 


Radiation Instrument Industry Does $20-million Business —_! te companies accounted for less than 


$100,000 worth of the 1952 business, 
in 1952; AEC and Military are Principal Customers and another one-quarter accounted for 


$100,000—200,000 of the 1952 business. 





The radiation instrument industry, virtually nonexistent in 1946, had a 
volume of business of almost $20-million and employed 2,400 persons in Hanford to Get New 
1952, according to a survey conducted by the Atomic Energy Commission. Chemical Processing Plant 


As part of the current Atomic Energy 
Commission plant expansion author- 


The two charts below show the growth — ———_—_—_—_— 
of the industry during the last five for 27.4% and the military for 52.5%. 
years and a breakdown on the market The remainder of the market is 
for the output of the industry during accounted for by private industry, ed by the S2nd Congress, a large 
chemical processing plant will be built 
at the Hanford Works, Richland, Wash. 


The plant, which will supplement 


that time. universities, civilian defense, export, 
The two largest customers for and uranium ore prospecting. 
radiation instruments have been the The survey covers more than 90% of 
military and the AEC and its principal the radiation instrument industry in 
contractors. In 1948,AEC accounted terms of business volume. Seven 
for 58.7% of the business and the companies with probable business 
military for 22.5%. Five years later, volume in excess of $1-million each in 


present chemical processing facilities, 
will be needed to handle an increased 
production of plutonium. Primary 
purpose of the plant will be for Han- 
ford operations. 

A $40-million construction contract 


in 1952, the situation was almost com- 1952 account for about 50% of the 
pletely reversed, with AEC accounting industry’sactivity. About one-quarter 


for the facility has been awarded to 
Blaw-Knox Co., Chemical Plants Divi- 
sion, Pittsburgh, Pa. Hiring of con- 








struction workers is expected to start 
in April, and the construction work will 
cover a period of about two years. 
Jasic design and engineering will be 
done by General Electric Co., and 
architect-engineer services are to be 








provided by Vitro Corp. of America. 


AEC Wants $2.7 Billion 
for Fiscal 1954 

The federal budget for fiseal 1954 
which President Truman presented to 
Congress last month calls for expendi- 
tures of $2.7-billion by the Atomic 
Energy Commission for the year. For 





fiscal 1953, estimated: expenditures are 








$2-billion, and actual expenditures for 


fiscal 1952 were $1.67-billion 





The budget lists $1.9-billion for new 


facilities which were authorized in the 





: supplementary appropriations bill of 
FER Pr vote 1952 (NU, Aug. 52, p. 74). This 


e [|] Prospector includes about $400-million appropri- 
WEED | Neves sested. Sonne of the $1.9-bilion 
;MMVT@M@llll | is included in the $2.7-billion figure, 


that which is not must be expended 


VMMMMHMH@M@|qwwtA_&. within four years of approval. 


these funds are to be spent will be 


GVMMMVVV//-/@| Mla. | available until the complete budget is 


formally presented to Congress for its 


consideration. 








In the message to Congress in which 
MARKET for radiation instruments he gave these over-all budget figures, 
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President Truman said that the budget 
provides for continuing research in the 
development of reactors for the pro- 
duction of electric power. He also 
said that funds will be provided for 
continuance of research in medicine, 
physics, chemistry, and biology. 


AEC Expands “Information 
for Industry’ Program 


Plans for expediting the reporting of 
nonsecret industrial developments in 
the nation’s atomic energy plants and 
laboratories have been developed by 
the Atomic Energy Commission. In- 
structions issued by AEC General 
Manager Marion Boyer to the opera- 
tions offices of AEC call for the prin- 
cipal initiative for the dissemination of 
industrial information to be placed on 
the operating contractors. 

Special effort is to be applied by 
contractors to uncover and arrange for 
publication of unclassified techniques 
useful to industry. ALEC’s objectives 
in this program are: 

1. To create on the part of industrial 
management and technical personnel 
constructive interest in the atomic 
energy program, its achievements, 
problems, and objectives. 

2. To facilitate the development of 
industrial competence in specialized 
atomic energy techniques. 

3. To develop the maximum con- 
tribution of atomic energy technology 
to the nation’s technology ° 

In this first definition of AEC policy 
on the dissemination of industrial in- 
formation, the initiative is being 
placed in the hands of the contractors 
because the bulk of the information 
involved originates in work carried out 
by the contractors. The degree to 
which AEC will aid contractors to 
cover the costs of this new program 
has not been worked out in detail but 
will be taken up when new or modified 
contracts are entered into. 

It has long been realized that scien- 
tific information developed by AEC 
personnel and contractors found natu- 
ral outlet through the journals of 
the scientific societies and elsewhere, 
but that other kinds of technical data— 
techniques and general ‘ know-how” 
were not getting into the literature. 
In the first place, nonscientist person- 
nel do not have the same incentives 
for preparing technical papers for 
publication; and secondly, the security 
problem makes it virtually impossible 
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The Editors Hear 


e There is only one known plutonium reactor operating in the world 
at Los Alamos. However, with the prospect of more Pu-producing 
reactors coming into existence, more attention is being paid to design- 
ing reactors that can use Pu as fuel. 


e AEC does not expect to spend large sums of money on civilian 
nuclear power in fiscal 1954. The AEC reactor division wanted $60- 
million for such work, but AEC commissioners vetoed the idea. 


e From interviews with Gordon Dean, AEC chairman, W. Sterling 
Cole, ranking Republican Congressman on the Joint Congressional 
Committee for Atomic Energy, and Bourke B. Hickenlooper, ranking 
Republican Senator on the Joint Committee, NucLeontcs learned that: 

»Clear proposals indicating that industry has a desire to invest its 
own money in nuclear power development will be very well received. 
Such proposals would undoubtedly result in hearings to determine 
how industrial investment could be protected by revision of the 
Atomic Energy Act. 

—»+Lacking such a show of positive interest on the part of 
industry, considerations of revisions of the Act will move much more 
slowly. In fact, if the government is to foot the bill, Cole sees no 
reason why the Act should be changed now. 

+Hickenlooper feels that hearings should be held immediately to 
get all opinions on the record. 

— Government financial support of industrial proposals for nuclear 
power development hinges on two basic points: (1) Should nuclear 
power development be pressed? and (2) Does the U. 8. need more 
Pu than presently contracted for facilities will produce? It appears 
to be quite questionable whether we need more Pu, according to 
Cole. From published expenditures, this country has been con- 
centrating on production of U**5, and the cost per gram of U*** is 
probably less than a tenth that of Pu. 

*Dean still feels that there should be major declassification of 
power reactor data. In addition to speeding progress in reactor 
technology in this country, such action would help our relations with 
our foreign suppliers of uranium. Some of our suppliers are power 
hungry, and if power reactor data were declassified, we could assist 
these countries with technical information. 

>With such a declassification (and a revision of the Act), it might 
then be possible for industrial organizations in this country to build 
economically competitive reactor power plants in foreign countries 
where power costs are high. 

»Both Cole and Hickenlooper favor major reactor data declassi- 
fication. Hickenlooper feels AEC has the authority right now for 
declassifying much more that it has. He feels it is not wise to give 
selected companies access to secret data. Rather it is better to open 
things up more 

*Cole believes that if private industry won’t pay for reactor 
power development, then government should. Hickenlooper says 
AEC should stay out of civilian nuclear power and that industry 


should be given every encouragement. 


e The 5th tripartite declassification conference will be held in Chalk 
River in April. One of the important questions to be considered is 
how much more information on reactors can be given out to satisfy 
industrial interests. Of particular interest now are factors that bear 


on the economics of power reactors. 
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For nearly half a century Koll- 
morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering “know- 
how”, the design personnel and 
the manufacturing capacity to 
help you solve your optical 
problem. 
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for the technical press to pursue its 
customary role in locating and evaluat- 
ing potentially publishable material. 
The program calls for active efforts 
on the part of contractors in locating 
techniques useful to industry by en- 
couraging personnel to include in 
manuscripts material which they think 
could be declassified, and by ‘‘regulat 
survey and evaluation from the view- 
point of industrial interest” of various 


areas of classified technology. 


Advisory Committee 


The Industry ”’ 
program began shortly after December 
1948 when an advisory 
group, had the 
AEC its relations with industry, recom- 
that 
information be declassified and made 


“Information for 


industrial 


which reviewed with 


mended much more industrial 


available to American industry. To 
aid and advise the AEC on techniques 


for carrying out this recommendation, 
an ad hoc committee of men represent- 
ing the professional engineering socie- 
the 
organized; these men were chosen for 


ties and technical press was 


their knowledge of industrial practices. 
group examined AEC 
documents, surveyed technical prac- 


This advisory 


tices in certain contractors’ laboratories 
and plants, and made recommenda- 
tions to the AEC. 

The new program for encouraging 
and aiding contractors to dig out and 
to disseminate, by all known methods, 
nonscientifie (but technical) techniques 
useful to modern industry is a result 
of this association between AEC and 
trained and experienced editors of 
technical journals. 

The advisory committee has now 
been made a permanent body with the 
title of 


Industrial Information.” 


‘Advisory Committee on 


Program for Speeding Private Nuclear Power Proposed; 
Calls for McMahon Act Revision and Federal Pu Purchase 


Manson Benedict, professor of nuclear engineering at the Massa- 


chusetts Institute of Technology, has proposed a specific five-step pro- 


gram to speed the development of industrial nuclear power. 


According 


to Benedict, cost-minded private companies should be encouraged to 


enter the nuclear power field to drive 
down expenses, and these companies 
should 
such as ownership of patents, reactors, 


be provided with incentives 
and possibly natural uranium. 
Benedict claims that there are four 


factors which are causing the delay in 


| the development of industrial nuclear 


power. . They are: technical difficulty, 
lack of immediate demand, security, 
and the Atomic Energy Act. 

The specific proposals, which were 
made in anticipation of debate in 
Congress on revision of the Atomic 
Energy Act, are: 

1. The 
should build a limited number of dual- 
that 


experience with a nuclear power plant 


government and industry 


purpose reactors. So practical 
can be gained, the government should 
take the risk that the premium value 
of plutonium for military 
may be of limited duration. 

2. Private companies should be en- 


pur pe SES 


couraged to enter the nuclear power 
field to learn how to reduce the cost of 
nuclear power plants and advance the 
day when breeding will be economic. 
Revision of the Act to permit private 
companies to own nuclear powel 
patents would be a valuable incentive. 

3. There should be no relaxation of 


security solely to facilitate develop- 


80 Want more information? Use post card on last page. 


industrial nuclear 


The time is not ripe for widespread 


ment of power. 


technical informa- 
tion on atomic energy. We 
able to declassify basic data which we 


declassification of 
may be 


have reason to believe are known to 
others, but we should not declassify 
information on plants and processes, 
even though this would 
development of private nuclear power. 

4. Within the existing security frame- 
work, 
should be 


advance 


dissemination of information 
facilitated. The Atomic 
Energy Commission’s policy of clear- 
ing representatives of many companies 
and institutions, and inviting them to 
work in the atomic energy field, should 
be expanded even further. 

5. With fissionable material so vital 
to the security of the United States, it 
would be premature to amend the Act 
to permit others besides the govern- 
U3» or Pu. However, 
some liberalization of the provisions of 
the Act should be possible. Private 


companies should be allowed to own 


ment to own 


reactors, and to use fissionable material 
Outright 


under government license. 
private ownership of natural uranium 


should be 


lower strategic value. 


considered in view of its 


Several companies have expressed 
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Some 9.500 people were in South Amboy, N. J., 
At the water- 
gshoremen were transferring the 
last of 12 freight cars of ammunition to light- 


that dri 


tront hor 


evening in 1950 


ers that would carry it to a waiting vessel in 


Raritan Bay 


fut the Citv Hall clock never got to 7:27— 
’ freighter’s deadly 


Give 
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National Blood Program 
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cargo never got 
sions shattered windows over a 


Such disasters have happened many times be- 
They could happen again. 
and when they do—there 
must be blood plasma on hand to take care 


fore in America 
And if they do 


Business Executives! 


Y Check These Questions! 


If you can answer “‘yes’’ to most 
of them, you—and your com- 

any—are doing a needed job 
i the National Blood Program. 


Have you given your em- 
sloyees time off to make 
locd donations? 


Do you have 2 Blood Do- 
nor Honor Roll in your 
company ? 


radius of 12 miles; and hundreds of people 
looked at their arms and legs and saw that 
flying daggers of glass had stabbed them. 


At dawn, 312 of the injured had been counted. 


Want more Information? 


of the injured. For blood saves lives! 
But blood cannot be mined or manufactured, 
It must come from the veins of healthy men 
and women. Men and women who feel concern 


* for a suffering neighbor. So give blood 


Have you set up a list of 
volunteers so that effi- 
cient plans can be made 
for scheduling donors? 


Have you arranged to have 
a Bloodmobile make regu- 
lar visits? 


Has your management en- 
dorsed the local Blood 
Donor Program? 


Have you informed em- 
ployees of your company’s 
plan of co-operation? 


Use post cord on last page. 


this priceless, 
save an American life! 


Whether your blood goes for Civil Defense 
needs, to a combat area, or to a local hospital 
painless gift will some day 


Was this information 
iven through Plant Bul- 
etin or House Magazine? 


Has your company given 
any recognition to donors? 


Have you conducted a 
Donor Pledge Campaign 
in your company ? 


Remember, as long as a single 
pint of blood may mean the dif- 
ference between life and death 
for any American . . . the need 
for blood is urgent! 





From Alden’s Line of Ready-made Components 
for Unitized Plug-in Unit Construction: 


BACK CONNECTORS 
Get accessible central 
check point for incoming 
and outgoing leads 


Color coding 


Accessible 
uncongested 
solder terminals 


EASY SERVICING AND RAPID CIRCUIT CHECKS 
Solder terminals easily accessible and uncongested 
for multiple contact wiring. Color-coding on back 
connector, corresponding to lead color, identifies 
each lead for instantaneous check to main circuit 
or trunk line 


Permit direct Avoid conventional 


efficient wiring rats nest wiring 


EFFICIENT CIRCUIT WIRING 


Connectors can be mounted where desired to 
allow for isolation of critical voltage 
cies to provide most direct wiring 
ponent to connector to eliminate rat-nest w 
of conventional methods, 


or trequetr 
from com 


Generous 
bell-mouthing 


Floating 
~—— clip action 


EASY INSERTION AND REMOVAL 
Made possible by large bell-mouth entric and 
ample font of rueved live-action beryll 

contacts, Wide mating tolerances eliminate critical 
unit alignment problems 


Stackec 


1 @® 
{e2 , é ‘5 


A» 


um copper 


Boss hole -—~e . 
ey Boss 
on) 


‘ - 
Flush SeeEScrew hole 
EASY MOUNTING 


Single screw for mounting flush or 
locating boss positions and lock € 
on unit when flush ely 
lines up and positions connectors together in stack 
mounting 


SEND FOR FREE SAMPLES 


free Alder 


226 pages of tech 


tacked. Molded 


connector in plac 


mounted bo accurat 


- also request 
Handbook”’ 

niques and components for U ni 
tized Plug-in Unit Construction 


Ca» : 
Sue) HLoen Paooucts Co. 
Nae 147 N. Main St., Brockton 64, Mass. 
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Cooling woter travels 
down aluminum tubes 





n which are rods of iL 





uranium 





Helium -— — << = -- ~~ 


Cadmium control rod--- 


Heavy woter..... ~ 


Concrete shieid 


Cooling woter 
= 
from Ottowo River 





Material to be irradiated] ” 








ploced in gluminum bail 
and inserted here__ 


Seif ~service-~" 
unit places 
ball ot 
required 
distance 
from tonk 








irradiated bali-- 
rolls out here 
into “costie 


to cool it 
Heavy-water supply’ 





Aluminum ftonk 








Graphite reflector 





heot exchanger 4 





~ Beoms of fast 
neutrons emerge 
* from experimentol 
holes + 
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za J) 





Cooling air to 
200-ft stock 


“Cooling woter out 
——> 
Worm woter 


Cold woter from Ottawa River 








NRX REACTOR AT CHALK RIVER, CANADA, has 176 water-cooled aluminum tubes con- 
taining rods of natural uranium which are surrounded by a heavy water reflector con- 


tained in aluminum tank. 


water reactor, is going up near NRX. 


Dismantling and examination following a breakdown in 
December is expected to take quite a few months. 


The shell of NRU, another heavy- 


Among the new features for NRU are an improved 


mechanism for automatic control, and an arrangement for easier removal and replace- 


ment of uranium rods 


interest in owning a natural uranium 
that 
mixture ol 


reactol produces powel und a 


uranium and plutonium, 
which might be sold to the government 
According — to 
Benedict, it is hard to see how such an 


the 


for final 


processing 


irrangement would endanger nia- 


tional security, and it would certainly 


make nuclear power a more attractive 
field for private companies. 

Jenedict pointed out the paradox 
that although military demand for Pu 
would nue leat 


permit production ol 


power at a profit, the demand is so 
acute that there has not been time to 
learn how to produce nuclear 


Our 


powel 


dependably. reactor develop- 


ments have aimed, he said, at pro- 
dueing Pu or power for military pro- 
duction, and there is no project aimed 
directly at the eventual production of 
industrial nuclear power at costs com- 


petitive with other fuels 


AEC Opens Some Hanford 
Land; Warns of Danger 


The Atomic Energy Commission has 
that it will 
87,000 acres at 


Irom 
the 


announced release 


restriction about 


Use post card on last page. 


and ends of the 
Wahluke Slope across the Columbia 
River Hanford 


plant announcement 


extreme east west 


from. its 
The 


companied by ih 


production 

Was 4ac- 
warning that the 
that all risk to 


life and property in the released lands 


iction does not mean 
has been eliminated. 

\ statement signed by the four AEC 
real 


commissioners said that the only 


danger in the area (other than enemy 


action) is the unlikely eventuality that 
one of the reactors would go completely 
out of control. There is said to be no 
risk in the area resulting from normal 
operation of the Hanford plant. 

No towns or cities will be permitted 
to be established within 25 miles of the 
Hanford reactor ureu (Hanford reac- 
tors are unique in design and construc- 
Poten- 
reactol 


the announcement said. 
other AEC 


not so great.) 


tion 
tial hazards at 
locations are 

If one of the reactors should go com- 
out of dangerous 


pletely control, 


amounts of radioactivity could be 
The reac- 
the 
they could 


that the fuel 
February, 1953 - NUCLEONICS 


released to the atmosphere. 
tors cannot explode, but, under 
worst possible conditions 


produce so much heat 





elements would melt and release a very | 
cloud with | 

This 
gerous than a cloud produced by an 


dense 


activity 


a high gamma-ray 
would be more dan- 
atom bomb explosion. 

Studies on the development of im- 
proved safety features are continuing, 
and if the risk inherent in the Hanford 
ions is further reduced, release 
re lands, closer to the reactors, 
> conside red, 


be established for 
Wahluke Slope residents in 


ethod will 





event of disaster. Development | 


icuation plan for families in 


/ encouraged and assisted 


Har 


iford Operations Office. 


IRE Convention to Include 
Papers on Nucleonics 

>I'wo of 
1953 national convention of the Insti- 
tute of Radio Engineers, to be held in 
New York City, March 2 


23 
contain papers of interest to people 


the technical sessions of the 


26, will 


in the nucleonies field. 
The to 
e held in the morning of March 26 


session devoted nucleonies 
will b 
and w be devoted to the following 
Remote 
CGoertz, 
The | 


“a eee | 
E missi~von 


Servomechanism — for 

i. 
' 

Laboratory ; 


pape rs 
Vani) 
Argonne 


ations of 


Raymond 
National 


Sec ondary 


pulation, 


App u 
Vultipliers to Nuclear Particle Measure- 
, George Morton, RCA; Billion- 


electron-volt 


ment 
Kenneth 
National Labora- | 


Accelerators, 
Brookhaven 
] / 
iron Dosimetry, G. S. Hurst, | 
Ritchie, Oak Ridge National | 
and 


Klectronic Circuitry 
Reactors 


Cireen, 
tory; 
Fast 
R. | 


imentation De velopme nts in | 


sion on medical electronics, to 
March 26, 


Concerning | 


din the morning of 
the papers: 
e of High-Energy Particles and | 
the of the} 
of Living Organisms, R. J. 
Moon, University of Chicago, and 
Possible Medical and Industrial Ap- 
plication of Linear Electron Accelerators, 


W.C. Ba 


Will ontain 
the I 
@ ianta 


Structure 


in Determination 


rber, Stanford University. 


IN BRIEF 


@ Atomic hazard survey. 
of public 
its 1953-54 


of atomic hazards in Cali- 


The Cali- 
health 
budget 


department 
SIiS.000 


Torna 


wants in 


wor a survey 
resulting from 


industries in- 


of 


fornia 


creasing use radioactive materials 


and X-rays. 


A hot cell and building 
Materials 


® Hot cell. 


will be built for use in the 
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|DE 
PL 


When designing any 
REACH FOR THIS BASE 


Molded boss to hold 
mounting cards, 


ALDE 
20-PIN 


Also 11-pin 
& MIN. 
7 & 9-pin 


All prongs numbered. 


s 
UG-IN UNIT 
TREMENDOUS | 


FLEXIBILITY 


Bases are complemented by 


Sue? 


standard Alden component 
handle brackets, housir | 


terminal cards to lick almost ¢ 


any problem ee 
NON-INTERCHANGEABLE 
COLOR CODED 


of variable 


ty 
. 


o 
Vee 


‘ 


Choice 


guarantees 


pin pa 
terns aearnst m 
Color coding direc 


socke 


mating 


11 to 2 


plug im to its correct 


| 


a 


> 


IGNED SPECIFIC 
CONS 


d 


pins in 


many patterns 


Holes to take brackets 
or bail, kept well away 
from corners. 


Tapped 
side holes. 


Rack-mounting 
Sockets to match 
Base patterns 


Also 20-pin, 11-pin, 9-pin, 7-pin MATING SOCKETS 


Request free samples and free 
book” of Plug-in Unit Construction 


147 N. Main %., Brockton 64, Mass. 


/ /a\y 
| 


OS 


2b-page * 


Mt)) HLp€N Paooucts Co. 


Alden Hand 


lon 


~ 
—~7 


plug-in unit 


AVOID THESE TROUBLES 
OF USING TUBE BASES 
FOR PLUG-IN PACKAGES 


RIGID BRITTLE 
BOSS BREAKS 


LONG PINS 
BEND EASILY 


LEVERAGE OF 
LONG PINS 
CRACKS BASE 


Are you tired of throw 
good units on account of broken bases? 


ng away perfectly 


START RIGHT WITH ALDEN 
Bases specifically designed 
for Plug-in Unit Construction 


BASES 


Mounting holes 


well away trom 


Ruegedly desi 
for 
purpose 


ned 
pecili 
ecdut 


No center 
boss to 
break oF 
crack base 


Short 

tubby prones 

will not bend 

or break out 

Kase 


lems van 


and Sockets, 
h 


Standardize on Alde 
our Design Prol 


and 





for the 


to 


RANGE 


MODEL 100 


millimicrosecond (107% 


millimic rose onds to 


Sales and Business Office 
25 West 43rd Street 
New York 36, New York 


Sey eral 


MICROSECOND 


For nuclear pulse work, radar, TV, wide banc 
calibration, and servicing of fast electronic systems: 


FOR THE FIRST TIME-—A square pulse generator with a rise t 


seconds) and a pulse width which can be vat 


I 


Telephone: Longacre 4-8510 


SQUARE PULSE GENERATORS 
MILLIMICROSECOND 


SQUARE PULSE GENERATOR 


Price: $395. FOB New York 
FOR RACK MOUNTING 


nicroseconds is 


positive and negative pulses of a 100 volts maximum amplitude into low impedance 
cable, such as 50 ohms, are generated, the pulse amplitude can be varied from 
100 volts to .006 volts in 1 decibel steps by means of selector switches on the front 
panel. One, two, or more pulse outputs, each, of which, can be individually 
attenuated and delayed are available in various models. 

FOR FURTHER DETAILS, 


letin “P-2”’, or contact our engineering division 


Electrical and Physical Instrument Corporation 


Engineering Division 

42-19 27th Street, 

Long Island City 1, New York 
Telephone: Stillwell 4-6389 


amplifiers 


commercially 


write 


and in the design, 


ol one 
4 


Soth 


imme 
ied from 


avails 


for Bul- 
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TUBE COST DATA 
you’ve always wanted! 


Most comprehensive and accurate purchas 
ing and cost-analysis tool in tube history! 
Product of over 2 years’ research. 
Covers every tube type and crystal 
manufactured in U.S.—from tiniest 
crystal to largest transmitting tube 
—inecluding... 

Amperex * Bomac * Chatham ° Cetron 
Du Mont « Eimac * Federal * General Electric 
Hytron ° Industro * Lewis & Kaufman 
Machlett * National * National Union 
North American Philips * Philco * Raytheon 
RCA «© Sperry « Sylvania + Taylor * Tung- 
Sol * United * Western Electric * Westinghouse 
Tells list prices and your current costs for 
over 4,000 tube types! Kept up-to-date 
by State Labs’ famous Weekly Mar- 


ket Guides mailed free to all owners | 


of the Tube Buyers’ Guide. In loose- 
leaf form, alphabetically and nu- 
merically indexed for quick, easy 
reference. 


PRAISED BY INDUSTRY LEADERS 


Says W. L. Urquhart 
President, W. L. Urqu 
hart, Inc. one of Ameri 
ca's leading electronic 
tube exporters 

“Without doubt your 
new 1953 U.S. Eleec- 
tronic Tube Buyers’ 
Guide contains the most 
extensive tube cost in- 
formation ever to hit 
the tube markets of this 
country. It’s invaluable 
to me —I wouldn't be 
without it for a day.” 


fer YOUR copy-USE the COUPON! 


Note: This Tube Buyers’ Guide is necessarily 
restricted to Purchasing Agents, Manufac- 
turers, Industrials, Government Agencies, 
Distributors, Exporters. Please fill out the 
coupon in full and attach to your letterhead 
te <a ll 
STATE LABS, INC. 
nd East 28th St., New York 16, N. Y. 
Send me your FREE 1953 U.S. Electronic 


Dept. N q 


j 

I tube Buyers’ Guide. | 
NAME eemeeanimeemnagnanants | 
[rime ‘a : ; | 
J company NAME 1 
Javoress —___ _ ] 
Jcity. oi | 
NATURE OF COMPANY BUSINESS ] 
; 


STATE 


I State Labs, Inc., 37 E. 28 St., N.Y.C. 
MUrray Hill 3-9802 


Want more information? Use post cord on last page. 
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Testing Reactor area at the Reactor 
Arco, Idaho. The 


visual examination, 


Testing Station, 


cell will permit 


| modification, adjustment, and repair 
| of experimental equipment after ir- 


the well as 


physical and mechanical 


radiation in reactor, as 
testing of 


properties of jrradiated materials. 
® Material The 
Memorial Phoenix Project has received 
$250,000 from the Chrysler Corp. for a 
study of the use of radioactive tracers 


weor. Michigan- 


in the wear of various materials, as 
the 


determining 


use of radioisotopes in 


the 


well as 
atomic structure of 


materials, 


® Dutch power reactor. Leading nu- 


clear scientists in Holland have made 
an urgent appeal to industry to place 
experts and capital at their disposal 
the 


reactor in 


purpose of building a power 
Holland. It is that 
Dutch sources of coal 


lor 
suid 
within 25 years, 
will be near exhaustion. 

The health-safety 
the 


Laboratory, 


© Waste disposal. 


and waste-disposal methods at 
Atomic 
Schenectady, have been approved by 


the Mohawk River Advisory 
mittee. The committee reported that 


Knolls Power 


Com- 


the controls appeared adequate to 
assure conformance with anti-pollution 


standards of New York. 


NUCLEAR NEWSMAKERS 


| Brian Flowers, one of the senior scien- 


tific officers at Harwell, will fill the post 
of chief theoretical physicist which has 
been vacant since the arrest of Klaus 


Fuchs in 1950, 


James” H. McMillen is now on the 
physics staff of the division of mathe- 
matical, physical, and engineering 
sciences of the National Science Foun- 
dation. He formerly was chief of the 
hyperballistics division of the Naval 


Ordnance Laboratory. 


Charles A. Thomas, president of Mon- 


santo Chemical Co., will receive the | 
11953 Perkin 


Medal of the 


section of the Society of the Chemical 


American 


Industry. 

J. R. Townsend has joined Sandia Corp. 
at Albuquerque, N. M., as director of 
materials and standards engineering. 
He is on leave from Bell Telephone 
Laboratories, where he was director of 
materials applications engineering. 
emus 

Thomas Lauritsen, associate professor 
California Institute of 
Technology, is in Denmark lecturing 


of physics at 


research in experimental 
Niels Bohr’s Institute for 


and doing 


physics at 





Hi-D 
LEAD GLASS WINDOWS 
IN STEEL WALLS 

















Hi-D Lead Glass Windows provide 
clear, direct, wide-angle, binocular 
vision through heavy gamma-shield- 
0.55; 


ing walls. Lead equivalent 


steel, 1.0 


Send for 
circular G § 





PENBERTHY 
INSTRUMENT CO., 


666 ADAMS ST + SEATTLE 6. WASH 

















MOVING? 


If you are moving (or have 
moved), tell us about it, 
won't you? Your copies of 
NUCLEONICS will not fol- 
low you unless we have 
your new address im- 
mediately. Make sure you 
don’t miss a single im- 
portant issue ... and 
help us make the correc- 
tion as speedily as possi- 
ble by giving us your old 
address, to 


NUCLEONICS 


Circulation Dept. 


330 W. 42nd St. 
New York 36, N. Y. 
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LET TERS__|mow, AS ALWAYS... 
WE ACCEPT THE CHALLENGE 


“mc” and “ 
DEAR SIR: 

The accepted abbreviation for milli- 
gram is ‘‘mg.’’ The accepted abbrevi- 
ation for microgram is “yg.” In an 


analogous manner should not ‘‘me” | 
be the abbreviation for millicurie, and | 
uc” be the abbreviation for micro- | 
curie? Of course they should—and | 


yet there continue to appear papers in 


which ‘‘me” is used to mean micro- | 
curie. Usually it is quite apparent | 
which is meant, milli or micro, when | 
the abbreviation is used. Occasion- | 


ally, however, confusion may, and does, 
arise. I should like to enter a plea 
that authors either spell out the words 


or that the standard abbreviations be | 
used and that editors of journals in- | 


volved keep an ‘‘eagle eye” out for 
situations in which there may be 
confusion, and act accordingly. 


Henry Lanz 

Associate Director, Radioisotope Unit | 
Veterans Administration Hospital | 
Dallas, Teras | 


(Nuc.eonics is in accord with this 


reader's comment and regularly follows 
. bs ] 


the practice recommended.—Editor) 





Theoretical Physics at the University | 
of Copenhagen. The trip and lecture- | 
ship are being made under an exchange | 


Act 


J. M. Smith, Jr., has been appointed | 
manager of radiological engineering at | 


the Hanford Works, Richland, Wash. 


He is succeeded by D. P. Ebright as | 


head of the radiological standards unit. | 


Harold C. Urey has been appointed 
Martin A. Ryerson distinguished serv- 
professor of chemistry at the Uni- 


of Chicago. 


O. Kenton Neville, who was a senior | 

ientist in the chemistry division of | 
the Oak Ridge National Laboratory, is 
now director of the chemistry depart- | 


of the Nuclear Instrument and 
il Corp., Chicago. 


Paul E. Klopsteg, assistant director for 
mathematical, physical, and engineer- 


ing sciences of the National Science | 
. | 
Foundation, has been appointed to the | 


new position ol! associate director of 
the Foundation 
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grant awarded under the Fulbright | 








VICTOREEN'’S leadership in the field of radiation 
measurement has been achieved by recognizing 
need and accepting the challenge to pioneer de- 
velopment of instruments and components to satisfy 
that need. 

Milestones of lasting importance to electronics 
and the nuclear industry include such Victoreen de- 
velopments as: 

X-RAY DOSAGE CONTROL INSTRUMENTS, developed 
for the radiologist in the application of X-radiation 
to therapy. 

FIELD RADIATION SURVEY METERS for the Manhattan 
project... and to meet that need... 

HIGH VALUE RESISTORS of extreme stability, accuracy and 

humidity independence . . . and 

SUBMINIATURE ELECTROMETER AND AMPLIFIER TUBES for reliable 

measurement of minute currents. 

GEIGER TUBES of quality ... mass produced of alumi- 
num for widespread application at low cost. 


VIBRATOR POWER SUPPLIES AND VIBRATORS, a Victoreen 
contribution toward submineering (subminiature en- 
gineering) and unitized construction. 


These are but a few of the accomplishments which 


combine to make Victoreen a symbol of pioneering 
progress in the electronic industry. 





CONSULT A SPECIALIST... Now, more than ever before, Victoreen is 
equipped and ready to serve. Our four plants are dedicated to the con- 
version of your need to accomplishment. 

A letter or phone call to our Technical Service Department may be the 
first step to the solution of your problem. 


Instrument Division, Cleveland, Ohio * Components Division, Cleveland, Ohio 
Pioneer Electronics Division, Salem, Mass. * Special Products Division, New London, Ohio 


BETTER COMPONENTS MAKE BETTER INSTRUMENTS 


The Victoreen Instrument Co. 


3800 PERKINS AVENUE + CLEVELAND 14, OHIO 


Want more information? Use post card on last page. 85 





New AEC Patent Releases 


The following patents, released by the 


Atomic Energy Commission, are avail- 
able for royalty-free, nonexclusive 
Applicants should apply to 
of the 


Com 


licensing. 
the Chief, Patent Brancl 
Counsel, U. S. Atomic 
mission, Washington 25, 1D. ¢ Iden- 


inal tithe 


Office 


Ione rye 


tify patents by number 
Selective Electrodeposition of Sil- 
CGriess, Jr... L. B 


select ely re 


ver (2,612,470) J. C. 
Rogers— method — for 
covering silver from an alkaline aque- 
ous solution containing trace amounts 
of silver, macro quantities of palladium 
and a complex-forming substance 
Compensated Thermocouple (2,()! 2,- 
779) 8S. F. Mulford—as a 
resistance-bridge-type setup, thermo- 


balanced- 


couple measures temperature of a cur- 
rent-carrying conductor, 

Mega Voltmeter (2,613,235) C. bb 
Grunsky—a new circuit for a vacuum- 
tube voltmeter capable of accurately 
measuring the peak voltage of pulses 
having extremely short duration 

Voltage Measuring Apparatus 
(2,613,236) H. Palevskv, R. K. Swank 

an ultrasensitive electrometer system 
for measurement of electrostatic charges 
and of small d-e voltages from high- 
impedance sources. 

Welding Device (2,613,305) R. W. 
Clack 


ated space by electron discharge be- 


device for welding in an evacu- 


tween the parts to be welded. 
Dosimeter (2,613,327) A. O. Beck- 
man, H. H. Herd, A. D. Robinson 
pocket-size, electroscope-type radiation 
dosimeter has lens arrangement for 
reading, hermetically sealed and sepa- 
rate ionization and electroscope cham- 
bers, and a simplified charging means. 
High-Voltage Regulator (2,615,344) 
W. HL. Nelson 


simplified high-voltage 


regulator has a series-connected lesser 


tube controlled by n negative feedback 
phase 


amplifier having a minimum 
shift around the regulator loop 

Diffusion-Measuring Meter 
531) C. G. Bacon 


of gas diffusion with ion gages, appa 


2,613, 


by measuring rate 


ratus determines porosit) 

Uranium Purification as Complexes 
of Esters of Trifluoroacetoacetic Acid 
(2,614,113) H. I. Schlesinger, H. C 


86 


Brown—method for separating ura- 
nium from commonly associated im- 
purities by complexing in aqueous 
solution. 

Apparatus for Chemical Reaction 
Detection (2,614,645) H. A. Wilhelm 
method for following the progress of a 
reaction within a sealed reaction cham- 
ber by means of sonic vibrations. 

Current Measuring Device 
063) C.J. Brown 


minute 


2,615,- 
device for measuring 
such as the 


electric currents 


target current of an ton accelerator. 
Capacitor discharges are indicated by a 
recorder 

Synchrocyclotron (2,615,129) Ik. M. 
Me Millan 
uum capacitor produces frequencies up 
to 2,000 eps. Deuterons 
celerated to 200 Mev 

Mass Analyzing Apparatus (2,615,- 
135) W. E. 


apparatus for rapid and accurate mass 


rotating mechanical vac- 


can be ac- 


Glenn, Jr.—inexpensive 


analysis of a mixture by controlled 
oscillation of an ion beam. 

Atomic Air Burst Direction Finder 
(2,615,249) G. A. Allard 


conical painted surface, with azimuth 


a truncated 


and elevation markings, is mounted on 
a standard. An 
airburst direction by casting a shadow 


axial rod indicates 
on the inner surface. 

Extraction of Cerium with an Or- 
ganic Solvent (2,615,798) I. C. Pitzer 
amount of cerium 


cerium, in trace! 


nitrate in aqueous solution, separated 
by addition of alkali metal dichromate 
and extraction with aliphatic ketone. 
Time-Delay Relay Testing Device 
(2,615,967) C. B. Gould and 
means for testing a time-delay relay. 
Stabilizer Arrangement for Cyclo- 
trons and the Like (2,616,042) R. R. 
Weeks—device for manual and auto- 
matic remote control of the operating 


eireuit 


resonance frequency of a cyclotron, 
while maintaining frequency stability 
and ground-reference balance of the 
dees 

Fast Neutron Dosimeter 
Hurst 


using a hvdrogenous-gas-filled propor- 


2 616.052) 
in oe counting-rate method, 
tional counter, for measuring the fast- 


cell 


presence of gamma radiation. 


neutron dose to tissue in the 


Method and Apparatus for Meas- 
uring Beam Current (2,616,053) M. G. 
Holloway—method for determining 
beam current and energy in a charged- 
particle accelerator, such as a cyclotron. 

Disposal of Radioactive Cations 
(2,616,847) W. S. Ginell—method of 
disposing of radioactive fission products 
in solution by absorption on a cation- 
exchange mineral, heating the mineral 
to 705-1,100° C, the 
heated clay. 

Coincidence Circuit 
Wouters 
two photomultiplier tubes for impress- 


and burying 
2,617,042) L. F. 
coincidence circuit includes 
ing signals upon the deflecting plates 
of a cathode-ray tube and means for 
indicating pulses of equal phase and 
magnitude, 

Radiation Detector Circuit (2,617,- 
946) B. L. Weller—detector includes an 
ion chamber having a central collecting 
electrode, cylindrical electrode, and a 
guard ring. Potential applied to the 
ring is equal to that of collecting elec- 
trode. An inverse-feedback-circuit 
amplifier increases the stability when 
measuring small currents. 

Apparatus for Supplying Charge 
Material to Mass Spectrometer 
(2,618,750) W. L. Parsegian, C. M. 
Stevens—means for rapidly and eco- 
nomically introducing non-gaseous sam- 
ples into the evacuated interior of a 
mass spectrometer without interrupt- 
ing the vacuum. 

Fluid Flow Control System (2,619,- 
107) C. B. Graham 
matically controlling the supply of a 


system for auto- 


liquid medium, such as liquid nitrogen, 
to a The 
actuated by the vapor pressure of the 


cooling trap. device is 
controlled liquid. 

Automatic Drift Corrector (2,619,- 
552) Q. A. Kerns—the 
odically samples the drift voltage of a 


circuit perl- 
d-c amplifier, and develops and applies 
a corrective voltage of proper phase. 
Adjustable Electrode Support 
2,619,609) J. D. Reid—support 
mits adjustment along planes at right 
angles to other 
adjustment so that the electrode slits 


per- 


each and rotational 
may be aligned with the ion slits of the 


ionizing chamber. 
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From a Single Dependable Source 


A Complete Line of 


X-RAY ACCESSORIES and PROTECTION fauna 


Bar-Ray Installations at Brookhaven National Laboratory 


One of the most important approaches to 
adequate employee protection is the proper 
design of equipment and fixtures to provide 
maximum amount of shielding possible. 
The Isotope Laboratory in the Biology 


such design. Plans for this lab were prepared 
by the Architectural Planning Division of 
Brookhaven National Laboratory and built 
complete and installed, as prime con- 
tractor, by Bar-Ray. Part of these installa- 


Department at Brookhaven is an example of tions are shown on this page. 


RADIOISOTOPE FUME HOOD 
= The hood on the left is one of four Bar-Ray hood installations, 4’ deep 


x 8’ long. Stand is of 3’ | beam, Sub-surface top is 4” thick steel 
slap to shield worker's legs and feet. Finished inside working surface 
and interior walls and ceilings asbestos cement panels . . . exposed 
sides laminated with 2’’ lead and two '4"' steel plates 

Spring balanced safety glass 
sash and remote service lines for RADIOISOTOPE STORAGE CAVE 
gas, air, hot and cold water: fluo- 
rescent lighting, hardwood utility 


cabinets below working surface. 


A storage cave (right) between two of the hoods, consists of six steel 
doors, each! three inches thick on heavy ball-bearing strap hinges. Behind 
these steel {doors radioactive materials are stored. On the top shelf which 
is 4” solid steel, are eight solid steel 
plugs, 4’ thick and 9" square, shown at 
left, to cover pipes extending down into 
the ground some twenty feet. The space 
surrounding these pipes and the walls of 
the storage cave are solid dense concrete. 
Access doors introduce a radioactive 


source directly from the storage area. 


Whether your need is for a tiny lead headed 
nail, a two-ton casting or for the installation 
of a complete isotope laboratory, your inquiry 
will receive prompt and intelligent attention: 


Radiologists, technicians, research, labo- 
ratories and industry, look to Bar-Ray 
design and engineering “know-how” 
to meet and solve specific problems. 


Sold Through Your Local Dealer Send for Our Latest Catalog 


BAR-RAY PRODUCTS, INC. 


209 - 25th ST., BROOKLYN 32, N. Y. « PHONE: SOuth 8-1020 


Isotope Fume Hoods and Labs Film Transfer Cabinets Lightproof Shades 
Lead Lined Chests and Safes Lead Protective Screens lead Insulated Doors 





inless Steel Pr ing Systems 
tic Valve Assembli 





TORJESEN, INC. — Cabinet and Mill Work 


Affiliates: CAPITAL CUBICLE CO., INC. — Hospital Cubicles 
| Ae 


Vol. 11, No. 2 - February, 1953 


Want more information? Use post card on last page. 87 





PRODUCTS ann MATERIALS 


= 


“Building Blocks’ Provide Flexible Counting Systems 
Detectolab, Inc., 6544 Sheridan Rd., Chicago 26, Ill. 


systems, based on 15 electronic “building blocks,” are described as a com- 


pletely new line of nuclear instruments 


assembled on the production line shown 
These units, funda 
circuit constructed on a 5', 


above. each a 
mental 
< 19-in. panel, can be combined to fill 
experimental needs. As an example 
if a scale-of-32 G-M. counting instru- 
ment is required, these units would be 
ordered: models DV4 
DS2 sealer, DV12000 power 
and DZ5 control panel. For 
counting, these units could be added 
models DP2_ scintillation detector 
DA3 pulse amplifier, and DS2 scales 
Also (-M other 
detection-type tubes P-| 


plate supply : 
supply 


yammi 


available are and 


Preset Counters 


Digital Instrument Co., Inc., Box 1246, 
Coral Gables, Fla. The model 333 
may be set from 0 to 
from 0 to 9,999 


preset counter 
999 and the model 334 
Reeyeling can be obtained 
up to 20,000 eps; the counter operates 
100,000 


at speeds 
as a standard counter up to 
eps. Relay contacts are available for 
control functions, and direct coupled 
and 


P.2 


output for electronic control 
gating. 


-— 


Integrated counting 


In 30 days, 546 of the units were 


Hydrogen Furnace 


Stewart Engineering Co., Box 
Soquel, Calif. The 


trolled-atmosphere furnace is designed 


145, 
model 3. con- 
for hydrogen-firing and brazing opera- 
tions in the laboratory. An Inconel- 
heats the 


in 5 min. A four-way \ 


tube mufile furnace to 


1,000" © 


| 
uive 


selects hydrogen, dry hvdrogen or 
nitrogen; a two-way valve selects either 
A hvy- 
drogen flow meter is calibrated from 0 
to 75 ft®/hr. 
vided on the loading and unloading 
ends; the doors automatically turn off 
A cool- 


section is built on one end for faster 


(P-3) 


humidified or dry atmosphere. 


Mica windows are pro- 


the gas supply when opened. 
Ing 


Cooung 


Want more information? 


Use post cord on last page. 





C'* Reference Sources 


Nuclear Instrument and Chemical 
Corp., 229 W. Erie St., Chicago 10, Ill. 
Sheets of thermoplastic polymethy!- 
methacrylate, labeled with C™ in the 
polymer molecule, are available in con- 
centrations of 0.1, 1.0 and 10.0 we/gram., 
The material is said to be chemically 
stable, mechanically durable, and uni- 
form in specific activity. The sheets 
CO. as a reference 


{ P-4 


can be burnt to 


standard for gas counters 


Scintillation Detector 


Nuclear Instrument and Chemical 
Corp., 229 W. Erie St., Chicago 10, Ill. 
The model DS-1 scintillation detector, 

counting, Nal(TI) 
Plateau length is about 200 
With the shield in 
place, efficiencies of 33% and 40% are 


for y-ray has a 


crystal 


volts external 


obtainable with Co® and I'8!, respec- 


tively. The detector has a removable 


directional shield and a built-in pre- 


provides an output 


> F\ 
\ ~~) 


amplifier which 


pulse in excess of 14 volt. 


Radioactive Pharmaceuticals 
Abbott Laboratories, North Chicago, 
il. The 


ivailable in pharmaceuticals for thera- 


following radioisotopes are 
peutic purposes of biochemical studies: 
I P32) Au's, Cr®! 8% Fe? Cat, and 
N #5, All 
reported 


solutions are sterile, assayed, 
stated and 


P-6) 


and as of hour 


date 


Digital Recorder 


Beckman Instruments, Inc., Berkeley 
Scientific Division, 2200 Wright Ave., 
Richmond, Calif. The series 1550 dig- 
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Every Top Management 
Man...[n Every Industry 


SHOULD BE ABLE TO ANSWER THESE QUESTIONS ABOUT A 
MOST CRITICAL EMERGENCY IN OUR COUNTRY’S AFFAIRS 


Q. Why is iron and steel scrap a matter 
of importance to me? 


A. Steel for our country’s military pro- 
gram and civilian economy is being pro- 
duced at the annual rate of 107,000,000 
tons in 1951... 119,500,000 tons ex- 
pected in 1952. Steel-making capacity 
is being increased now to meet those 


quotas. 


What Do I Get 
For My Scrap? 


In addition to being paid for your scrap, 
you remove nuisance inventory from 
your plant—saving valuable floor space. 
Also, you have a better chance of get- 
ting new steel or steel products. But, 
most important—you help alleviate 
a dangerous condition threatening our 
country’s capacity to rearm and satisfy 
civilian requirements at the same time. 


Q. How does scrap figure in the produc- 
tion of steel? 


A. Steel is composed, generally speak- 
ing, 50% of pig iron, 25% of “produc- 
tion” scrap (that is, the serap which is 
produced as a by-product of steel-mak- 
ing) and 25% of “purchased” scrap. 


Q. Is scrap getting scarce? 


A. Yes. The supply of purchased scrap is 
not increasing fast enough to meet the 
needs of increasing steel production. 

Q. What if the needed scrap isn’t ob- 


tained? 


A. Open-hearth furnaces will not be 


oa 
able to operate at capacity. That will 
mean a loss of steel production .. . and 
fewer products made of steel. 


Q. Why not use pig iron instead of 
scrap? 

A. Every ton of scrap conserves ap- 
proximately 2 tons of iron ore, 1 ton 
of coal, nearly '% ton of limestone and 
many other vital natural resources—to 
say nothing of the extra transportation 
facilities that would be otherwise re- 
quired. 


Q. How can more scrap be furnished? 


A. By everybody pitching in—as we 
always do in every emergency—and 
searching out all possible sources of 
scrap. 

Q, What are these sources? 


A. Metal-fabricating plants normally 
w% 
What Bs 


Is 
Scrap? 


Every pound of idle metal is need- 
ed to keep our steel mills operating 
at top capacity. Sell your idle metal 
to a local scrap dealer right away. 


turn over to scrap dealers the scrap 
left from machining. But there’s not 
enough of this to fill our present enor- 
mous need. So everybody —both in and 
out of the metal-fabricating industries 
—must sell scrap in the form of idle 
metal. 


What Do | Do First? 


Write for free booklet. It tells how to 
set up a Scrap Salvage Program in 
your plant. Thousands of plants are 
cooperating. Do your part now! Ad- 
dress Advertising Council, 25 West 
45th Street, New York 19, N. Y. 

Q. We don't produce scrap how can 
we help? 

A. Scrap is any kind of iron and steel 
that’s gathering dust—obsolete ma 
chines or structures, jigs and fixtures, 
pulleys and wheels, chains and track, 
valves and pipe—anything with rust on 
it or dust on it. Non-ferrous scrap is 


needed, too. 
Q. What do we do with it when we 
find it? 


A. Use your normal channels or get in 
touch with a recognized scrap dealer. 


McGRAW-HILL PUBLISHING COMPANY, INC. 


NEW YORK 36, N. Y. 


330 WEST 42nd STREET 
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Koneentti 


DOUBLE-SEAL 
FITTINGS 


.. AGAINST 
COSTLY 
LINE 
LOSSES 


\ fi 


N 


| 
\ 
) 


1 Patented full-floating seat, 
Teflon reinforced, insures posi- 
tive leak-proof operation. 


2 Heavy duty built for high 
pressure use. 

3 Parts reusable and inter- 
changeable for peak econ- 
omy. 

4 Stainless steel construction 
resists acids, corrosion. 


5 Complete line for tubes to 1” 
O. D., and for Schedule 5 S 
and 10 S pipe to %". Other 
sizes to order. 


THE SPECIAL SCREW 


PRODUCTS CO. 
5445 Dunham Rd., Bedford, Ohio 


SEND FOR 
pROOF 


Descriptive litera- 
ture ond perform- 
once dota avoil 
oble upon request 
Write today 





| of turning. 


| 


ital recorder, composed of a readout unit | 


and a printing recorder, operates from 
other 


totalizing devices at a maximum cycl- 


nuclear sealers and electronic 


ing rate of one printout per 0.8 sec. 


The indicating capacity is 3, 4, 5, or 6 
Visual 
counting period are controlled by the 


(P-7) 


decades. display time and 


counting instrument. 


Detector Charger 


Chatham Electronics Corp., 475 Wash- 
ington St., Newark 2,N. J. 


detector charger is a portable means of 


The radiac- 


charging pen-type dosimeters. It is 


| completely self-contained and does not 


Polarity 


is dependent upon direction of rota- 


require tubes or batteries. 
tion; if a dosimeter is overcharged, it 


may be 


zeroed by changing direction | 
The charger delivers 1078 | 


amperes with output up to 3,000 volts, | 


positive or negative polarity. P-8) 











Humidity-Testing Cabinet 
Murphy and Miller, Inc., 
| Michigan Ave., Chicago 5, Ill. 
| humidity-testing cabinet supplies 20- 
95% relative humidity in the range 

5 5 Working space is 27 ft*, 


1326 S. 


35-185° F. 


Want more information? Use post card on last page. 


This | 


| 
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. « « Decontaminating Agent for 
Radioactive Deposits 


Once anything has been made 
radioactive, there is no way to 
destroy this radioactivity, But, 
radioactive contamination which 
is usually a deposit of insoluble 
compounds (metallic oxides) can 
be solubilized (chelated) with 
Versene and washed away with 
large volumes of water. This re- 
sults in great dilution and re- 
moves the danger. For deposits 
on exposed surtaces the addition 
of a good detergent formulation 
is recommended. In living or- 
ganisms Versene has been used 
experimentally to detoxify heavy 
metals and to help remove radio- 
active deposits. Send for sample. 
Write Dept. I for Technical 
Bulletin No. 2. Chemical counsel 
available on request. 


*Trade Mark Registered \- 


oH) Chemishryi most 
precise Chemical P 


BERSWORTH CHEMICAL CO. 


FRAMINGHAM, MASSACHUSETTS 





COUNTING 
or TIMING JOB 


Ametron Recording Counter 


trical cir- 
cuits, both normally open Momen- 
counting circuit 
1dvances indexing device one step, 
Momentary closure eircuit 
unit to print accumulated 
count, Automatic reset to zero avail- 
able Wide variety 


available as 


Consists of two basic elec 
tary closure of the 


ol print 


causes 


of timing mech- 
nism standard equip- 
ment 

Unit may be furnished to record 
time: 1/10 minute, 1/100 
1 second and 1 


elapsed 
minute, 10 second 
Counting unit may be equipped for 
direct drive from rotating shaft to 
count revolutions in units of 1/10. 
Write for circular SC-24, 


STREETER-AMET COMPANY 


N RAVENSW 


SCALES we 
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mperature regulation and elimi- 
ondensation are claimed. 
glass viewing panel, 

ced air circulation, and 

eads into the working 
time-schedule control sys- 
resetting dry and wet-bulb 
sis optional. (P-9) 





NEW SAFETY-DESIGN 
FUME HOOD for handling 
Radioactive Isotopes 


Design approved for use by Oak Ridge Institute of Nuclear Studies 
Automatic Burettes 
Scientific Glass Apparatus Co., Inc., 
100 Lakewood Terrace, Bloomfield, : re ; 
N. J. Automatic burettes for acids. @ Low Velocity . . . operates with less than half the CFM of air 
model TJ-715. and for alkali solutions. needed on a conventional type hood. 


@ Air foils at hood face allow air to enter without turbulences. 


model T.J-740, are similar to Scientifie’s , , a: 7 
e Air current directed across working surfaces removes heavy 
gases. 


standard automatic burettes but have 

1 solid Teflon plug which prevents 

sticking or binding. The joint is @ Entire interior of hood is stainless steel for easy decontamination. 

ted so that the burette can- 

to the bottle. (P-10) @ Steel grating supports working surface, giving load carrying 
capacity up to 400 Ibs. per sq. ft. 


@ Equipped with blower switch, warning light, and ‘“‘over load’ 
warning bell. 


@ All service controls outside—no reaching in. 


@ Outside measurements: Height 9 ft.; width 6 ft.; depth 3 ft. 6 in. 
Five inch Stainless Steel Sink welded into top. 


Precision built by Kewaunee Mfg. Co., one of America’s oldest and 
largest makers of fine Laboratory Equipment, including all types 
Beta-Ray Spectrometer of Stainless Steel Equipment for Radioactive Laboratories. 
LKB-Produkter Fabriksaktiebolag, 
Stockholm 12, Sweden. This beta-ray 


We also manufacture Laboratory Tables, Sinks, etc., for 
ter, the first commercially 


all types of Laboratories. Representatives in Principal Cities 
wile was designed by Dr. 
Slatis and Dr. Kai Siegbahn 
Nobel Institute for Physics in 

Using a magnetic lens, it 

1 maximum energy of 7 Mev. 

The magnetic field focuses electrons on 


1 G-M tube and also to an intermediate J. A. Campbell, President 


innular image. A slit in the plane of 5083 S. Center Street Adrian, Michigan 
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Just 
Out 


MESONS: A Summary of 
Experimental Facts 


A one-volume summing up of 
mesons. From the experimental 
available, concentrates on those results which have 
to do with the relation of mesons to nu lear 
forces and with the relations between elementary 
particles. By Alan M. Thorndike, Assoc. Physicist, 
Brookhaven Lab. 232 pp., 6 x 9, 105 illus., $5.50 


the 


information 


findings on 
now 


MICROMETEOROLOGY 


A Study of Physical Processes in the Lowest Lay- 
ers of the Earth’s Atmosphere. Covers properties 
of these layers, and techniques for solving prob- 
lems in agricultural meteorology, hydrology, air 
pollution, disposal of wastes from atomic labora 
tories, ete By O. G. Sutton, Prof. of Math 
Physics, Military Coll of Sc., Shrive Eng 
land. 335 pp., 6 x 9, 37 illus., $8.50 


nham 


Just 
Out 


MESON PHYSICS 


A concise account of theoretical and experimental 
knowledge, giving results entirely based on latest 
work with large accelerators and cosmic ray in 
vestigations. Presents experimental within 
the framework of meson theory 
Explores promising lines for future re 
Robert E. Marshak, Chm., Dept. of 

of Rochester. 378 pp., 6 x 9%, 105 

diagrams, $7.50. 


results 
where possib! 
search. By 
Physics, 1 


and 


graphs 


IONIZATION 
CHAMBERS and COUNTERS 


reference boc 
of free 


ionization chamber 


Experimental Techniques. A 
researchers. Covers the behavior 
and ions; the operation of 
detectors. A volume in the National Nuclear 
Energy Series. By Bruno B. Rossi, Prof. of Physics 
MIT, and Hans H. Staub, Prof. of Physics, Stan 
ford U. 243 pp., 6 x 9, $3.25 


——SEE THESE BOOKS 10 DAYS FREE— 


McGraw-Hill Book Co., 330 W. 42 St., NYC 36 
Send me book(s) checked below for 10 « 
examination on approval. In 10 day 
remit for book(s) I keep, plus a few ce 
delivery, and return unwanted book(s 
paid. (We pay delivery if you remit 
coupon; same return privilege 

C) Thorndike—Mesons— $5.50 

() Sutton—Micrometeorology— $8.5 

() Marshak—Meson Physics- $7.5 
0 Rossi & Staub—Ionization Chambers 


electron 


$3.25 | 


Name 


(Print) | 


Address 
City.. ; rT Mivvese | 
Company 


NU-2 


Position 


This offer applies to U.S. only 


Se eae a 


92 


the image defines the resolving power 
of the spectrometer. With a resolving 
power of 4%, transmission of 8 % of the 
total radiation is obtained. The spec- 
trometer is equipped with a vacuum 
two 


P-11 


system, sample port with sluice 


scaiers, and a coincidence scaler 


Ruggedized Meters 

The Hickok Electrical Instrument Co., 
10584 Dupont Ave., Cleveland 8, Ohio. 
The 


gedized 


meter movement of these rug- 


meters is rigidly held in a 


vibration-proof mounting. Ammeter 
ranges are 0-50 wa up to 50 amperes, 
d-c 
1,000 ohms 
through SOO volts. 
have these 


50 through 


Ranges of d-e voltmeters, at 
volt 


Rectifier-type a-c 


pel type, are 0-1 


ranges: microam- 
1,000: 
meters, 0-1 through 5; and voltmeters, 
(P-12 


meters 


meters, 0 milliam- 


1,000 ohms per volt type. 


Counting-Rate Meter 


Nuclear Research and Development, 
Inc., 6425 Etzel Ave., St. Louis 14, Mo. 
The CRM-500 — s: 


counting-rate normally 


model ntiliation 


meter 1s sup 
plied with counting-rate multiples of 
1.000, 5.000 10,000, 20.000 


50.000 


and 


eps; scales up to 500,000 eps 
ean be supplied. A fast-pulse ampli- 


Want more information Use post card on last pag 


fier, with a 0.25-usec rise time, provides 
up to 1.500. 


100 to +50 


variable amplification 
Discrimination is from 

The 
500 to 1.800 


variable 


P-13 


volts powel! supply Is 


from volts 


Resistance Boxes 

The Daven Co., Dept. RB, 191 Central 
Ave., Newark, N. J. The type 750 
assemblies of two 
The 


isolated by a 


resistance boxes are 
or more type 275 decade units. 
resistance elements are 
copper lining in contact with a metal 
The 


independent 


three 
blade 
spring- 
(P-14) 


panel, switch consists of 


silver-alloy “ey " 
independent 


brushes having 


wiping action. 





lon-Exchange Reactor 


Enley Products, Inc., 254 Pearl St., New 
York 38, N. Y. This 


reactor is claimed to be suit- 


low-cost ion- 
exe hange 
able for all ion-exchange processes, in- 


The 


modula 


cluding water demineralization. 


ii basic unit of a 
available in two sizes and 


Use a ih series, & Caupac- 
p to 12,000 gal can be provided. 

lable is a regenerator tube 
allows 


P-15 


the renc tor, 


ittuched to 


{ 


Vashing of resins 


Spectrometer with G-M Tube 


Solus-Schall, Ltd., 18 New Cavendish 
St., London W. 1, England. The no. 


50200 X-ray 


February, 1953 - NUCLEONICS 


spectrometer, which pro- 





is readings, includes 
and a diffraction goni- 


crystals are measured 


the Bragg method; | 


be measured by the 
method. The counter 
manually or mechani- 
360 degrees. The range 
liffraction angle on both 
with an 


P-16) 


30) min 


Cold-Cathode Tube 


Haledy Electronics Co., 57 William| 


St., New York, N. Y. The TT-1 cold- 

triode operates directly from 

nes and is unaffected by 

Required grid current 

| wa and input impedances 

ean be used. 
TT-1 

implification of 2! 


00 megohms 
mploving the can be 


{-million 


Cathode-Ray Tubes 
Instrument Division, Allen B. Du Mont 
Laboratories, Inc., 1500 Main Ave., 


Clifton, N. J. 
and 5XP-A 
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The types 3WP, 5ADP 


cathode-ray tubes are 





The Able Model #14 
for Geiger counting 


you the ultimate in quality 


this instrument insures continuous 


maintenance and completely 


accuracy 


Applications of th instrument are almost 
limitless, including quali 
tative analysis; growth, decay and absorption 
diagnostic and therapeutic applications 
monitoring in the 
and many more 


juantitative and 
curves 


in medicine 
teaching and demonstrating 


PRICE $1695 


FOB CHICAGO, ILL, 


laboratory 





at an unbelievably 


cool 


ACCURACY at NEW low cost! 


is a precision engineered scaler designed primarily 


All unnecessary features have been eliminated to give 


low cost. The simplicity of 


operation with a minimum ot 


dependable 


FEATURES 


SENSITIVITY set at 4 volt 


INPUT 
I CONNECTOR— Amphenol 


N 
INPUT 
83-IR 
SCALE OF 
RESOLVING 
micro seconds 
VECTOR TUBE SOCKET! 
RETT ASSEMBLIES hold the 
ponent parts for making 
replacement very easy 

HIGH VOLTAGI SUPPLY self 
contained, continuously variable from 
1K) to 1500 volts 
METER. large % 
2% of full scale 
on the scale 
OPERATION independent of line 
voltage changes between 95 and 130 
volts 

FINES1 COMPONENTS 
PHROUGHOUT--all parts in this 
instrument are the best available 
CABINET. easy to decontaminate 
gray hammertone 


64 time tested circuit 


TIME less than 5 
TrUR- 


com 
each tube 


well regulated 
inch calibrated to 
value at any point 


A BLE SCIENTIFIC 
GLASS APPARATUS CO 


5041 W. Lake St. Dep't NU Chicago 44, Illinois 





Quick, Expert Service on RCA Tubes 


ALLIED maintains in stock for quick ship 
ment, the world’s largest distributor 
inventory of RCA special-purpose 
tubes. We Tame ie] ] lbalale| 
the needs of industrial, broadcast, 


specialize 


governmental and other users. To 


save time, effort and money— 
phone, wire or write to ALLIED. Fill 
all your electronic needs from one 


complete reliable supply source 


1953 ALLIED CATALOG 


your ALLIED 


for all ,elec- 
‘ 
tronic supplies-—parts, 


Refer Lie) 
Catalog 


tubes, test instruments 
audio amplifiers, 
accessories avail 

able from the worlds 
Write, 
1953 


largest stocks 
Tolokoh 7 for FREE 
ALLIED Catalog, 


Wont more information? Use post card on last page. 


FREE CATALOG! 


AUTHORIZED 


DISTRIBUTOR 


ALL TYPES IN STOCK 


@ Vacuum Power 

@ Thyratrons 

© Vacuum & Gas Rect. 
@ Ignitrons 

@ Cold-Cathode 

© Phototubes 

@ Oscillograph Tubes 
@ Camera Tubes 

© Monoscopes 

© Special Types 


Interchangeability 
Directory 


Valuable guide to selection of 
proper RCA tube type replace- 
ments. Lists 1600 tube types. 
Write today for this FREE RCA 
Guide No. 37-046. 


Everything in Electronics 


’ FROM ONE RELIABLE SOURCE 


ALLIED RADIO 


833 W. Jackson Bivd., Dept. 57-B-3 


Chicago 7, Ill. 


Send for it now! 











claimed to provide more precise meas- 


SINTILON BRAND urements than have previously been 
Av iilabl 3. The tubes are s: id to offer 
SCINTILLATION PLASTIC HOY ea ig Cl cat achlindiied ce 


deflection sensitivities and grid cutoff, 





4 


400%-improved perpendicularity be- 
tween X and Y deflection plates, and 
improved sensitivity on both axes, and 
reduced parallactic errot Character- 
istics such as deflection linearity, pat- 
tern distortion, modulation, line width 


7 —~ 2 en a 


arn once ind light output are specified P-18) 


NO OF COUNTS PER MINUTE 


NATIONAL BADIAC 
PLASTIC at 

| 

+ 











Bias curve obtained with radium 
gamma rays = 
Comparison with anthracene crystal ° . 
of same weight: - Chromatographic Cabinet 
COUNTING RATE—90% : Berkeley Chromatography Division, 
PULSE EIGHTS—70% . 4S . ° 
Sait Gonannee ct ee ee University Apparatus Co., 2229 Mc- 
Costs far less than crystals. Can be Gee Ave., Berkeley 3, Calif. The 
cast, machined or molded. Any size Centrifuge Tube model B300 chromatographic cabinet 


shape or quantity. Efficient, durable q a dorionsa ; “ , : ne . 
ili aieneparent | Atomlab, 489 Fifth Ave., New York 17, © ‘esigned for constant-temperature 
N.Y. The Atomlab-Ekstein centrifuge OPK; It may be used for the ascending 


tube collects radioactive precipitates ©! descending analysis technique. The 
directly on standard 1144-in.-diameter unit accommodates strips, sheets, 01 

ae: ws e < P9163 Iter naners. The 
Dept. N-2 sample pans. The precipitate is said ten 15%4 <<%2-In, filter as . The 
cabinet is stainless steel, fully insulated, 


and airtight. (P-21) 


10 CRAWFORD STREET to be deposited evenly, insuring count- 
ing reproducibility. Up to 8 tubes 


oaoaan ean be spun simultaneously A stain- INDUSTRY NOTES 


NEWARK 2, N. J 











teel cylindrical liner and attached 
sample pan are inserted into aleakproof P Abbott Laboratories, Isotope Divi- 
trunnion cup which fits onto a standard sion, Oak Ridge, Tenn., made _ its 
clinical centrifuge head. (P-19) thousandth shipment of radioactive 
drugs on Dee. 2, 1952. 
P Industrial Division of Minneapolis- 
Honeywell Regulator Co., Philadel- 
phia, has named O. B. Wilson indus- 
* FINGER STOCK . trial instruments sales munager. 
> Landsverk Electrometer Co., because 
x a ' Z i of increased business, has moved from 
Electrical Weather-Stripping { 4 its former location in Burbank to new 
by Eimac — et : quarters at 550 West Garfield Ave., 
Now Available! ; Glendale, Calif. 
Walter Kidde Nuclear Labora- 
tories, 140 Cedar St., New York 6, 
N. Y., has named J. H. Frankfort as 
chief project engineer for the labora- 
tories. Mr. Frankfort has been en- 
gaged in nuclear work with the H. K. 


Silver-plated, spring alloy, pre- 
formed finger stock especially 


suited for electrical “weather- High-Voltage Supply 


stripping’ for TVI- proofing ; 
| Isotope Developments, Ltd., Finsbury 


cabinet access doors, etc. Also | 
ideal for making coaxially con- | Pavement House, 120 Moorgate, Lon- 
structed tube connections and | don, E. C. 2, England. The type 532 
many other uses. Available in | high-voltage power supply is designed 
17/32", 31/32", and 1%" {for radiation detectors. Output is 
widths. |continuously variable over the ranges 
| 300-750, 700-1,500, and 1,200-3,000 5t-, Boston 10, Mass., and not as 


Ferguson Co. and du Pont. 


The address of W. A. Kerr, general 


manager of Tracerlab, Inc., is 180 High 





Write for new Eimac Catalogue ta , 
Summary showing Eimac tubes | volts at 3 ma; polarity is reversible. 
* and other accessories. | Regulation is less than 0.05% change 


for 10% change in input. Output 
Gant. ripple is less than 0.03 volt rms; short- LITERATURE AVAILABLE 
—— EITEL - McCULLOUGH inc. | “erm drift is less than 0.1% for 10 hr; Humidifiers. ‘““A Few Facts About 


jand output impedance is less than MHumidification’ discusses humidity 


erroneously reported in the January 


Issue 


San Bruno, California 
500 ohms. (P-20) problems and describes line of humidi- 
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WHERE 
TO BUY 














Larger Sizes Now Available 
Hi-D* LEAD GLASS WINDOWS 
For use in steel, lead, 

*Trademark 


PENBERTHY INSTRUMENT CO. 


666-8 Adams St Seattle 8, Wo 


and concrete walls. 











SEARCHLIGHT 
SECTION™ 


(Classified Advertising) 
EMPLOYMENT . 
EQUIPMENT — USED OR 


OPPORTUNITIES 


UNDISPLAYED RATE 
$1.50 a line. Minimum 3 lines. 
DISPLAYED RATE 
$15.00 per inch. 
ADVERTISING INCH: j” on one col- 
umn, 3 columns—30 inches—to a page. 


NEW ADVERTISEMENTS 


330 W. 42nd St., New York 36, 
for March issue closing Feb. 20th. 


BUSINESS 
RESALE 


Address 
a F 


300 
| fluid-flow pumps. 


| Roy, N. Y. 


| Tubes for electronic design. 











PRODUCTION MANAGER 
SENIOR RESEARCH ENGINEER 
SENIOR PROJECT ENGINEER 

in de- 
industrial 


Openings with recognized leader 
velopment and manufacture of 

equipment using nuclear energy. PRODUC- 
TION MANAGER: Experienced Engineer to 
direct electronic and mechanical production 
including production and materials plan- 
ning. SENIOR RESEARCH ENGINEER: Grad- 
vate Physicist to direct research in radio- 
chemistry, physics and electronic systems 
analysis SENIOR PROJECT ENGINEER: 
Graduate Engineer with experience in elec- 
tronic product design, production methods 
and cost estimating. Send complete resume 
to 

P6444 NUCLEONICS 
520 N. Michigan Ave. Chicago 11, Ill. 


tions on direct-writing 








BUILD IN WORLD NUCLEONICS CENTER 


Metropolitan Oakland Area (MOA) home 
r rsity of California and cldse_to 
sity, offers unmatched research 
facilities and personnel source 
rers, fabricators and marketers 
1. Besides its ideal location 
two world-renowned research 
vides many additional, ex- 
intages to industry: proximity 
t nucleonics center; geographic 
lion dollar West market; 
shipping time and cost; 
iil, truck, air, sea carriers; 
temperate climate; 
of leve plant sites, phenomenal, 
G-R-O-W.-T-H r a Free 
and /or © specific 


eason produc acres 
continuing 
FACTBOOK 


guestions, write: 


Alameda County New Industries Committee, 
Suite 801, 427 13th St., Oakland, Calif. 











AVAILABLE FOR 
IMMEDIATE DELIVERY: 


One 2-Mev Van de Graaff Generator, 
itput 140-r per minute at 70 cm., in- 
herent filtration equivalent to 6 mm. 
construction, stable and 

itput. Suitable for industrial 

for research particularly 

ctron current greater than 

is desirable or tor 


lead d 


ip 
converted to 
elerator 


proton or 


Will consider 
equipment or materials 
pita expansion program, 
photographs, or blue- 
ce on request 
5. 6533 NUCLEONICS 
1 Wilshire Bivd, Los Angeles 17, Calif 


ds welcomed 
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Jamaica Ave., 


Supply CA. 179-16 
Jamaica, N.Y. (L-1) 


fiers. 


Potentiometers. Bulletin describes 
potentiometers which are 
Ne rvotrol C'o.. 1] A Ww. 


L-2) 


prec ision 
easily ganged. 


Illinois St., Chicago 10, Ill. 


“Electrical Noise in Wire Wound Po- 
tentiometers.”’ presented by 
I. J. Hogan, convention, 1952 
Helipot Meridian Ave., 
South Pasadena, (L-3) 


Paper 
IRE 
Corp., 916 
Caltf. 
Bulletin 


controlled 
Lapp Insulator Co., 


diaphragm pump. 


information on 


Piston 


gives 


Inc., Process Equipment Division, Le 
(L-4) 


Revised 


edition of ‘Preferred Tube Types for | 
New 
cial Engineering, RCA 


Hlarrison, N ° Pp 


('ommer- 
De part- 
L-5) 


Design.” 


Tube 


Equipment 


ment, 


Analytical balance. (iram-atie bal- 


ance, described in bulletin, is direct- 
handling of 
Scientific Co., 717 


(L-6@) 


reading and eliminates 
Fisher 
Pittsburgh, Pa 


weights. 
Forhe 8 St.. 


Solenoids. Catalog DCS3-1952 cov- 
ers line of d-e solenoids. 
tric Catalog Dept., 120 W. 


Los Calif. (L-7 ) | 


Cannon Elee- 


2 


Avenue 33, | 


Angeles 31, 


Recorders. Bulletin gives specifica- 


re orders. 
Oshorn St 


born Co., 38a Cambridge 


Mass. 


ge | 


(F. 5) | 
describes 


Pulse generator. Brochure 


3-2 general generator. 


Ss. Rob- | 
(L-9) | 


model 
Riuthe rford klectronics Co 
ertson Blod.., Culve rCu fs 


pul pose 
3707 


( ‘alif. 


Mass spectrometer. 
1SOOB 


istics of model 21 


sulletin CR¢ | 
character- | 
103A mass spectrom. | 


cliscusses USCS and 


Consolidated E ngineering ¢ ‘orp., 


Vadre Villa 


eter. 
300 N. 
15, Calif. 


Pasadena 


(L-10) 


Sierra 


Nucleonic equipment. Condensed cat- 
alog gives data and prices of radioactiv- | 
ity instrumentation Vucleonic Corp. | 
Brooklyn 31, | 


(L-11) | 


of America, 497 Union St 


Ne 


Folder lists SO meth- | 


inspecting and 


Testing service. 


ods for testing ana- 
Standards 
Trinity Place, 


L-1 2) 


lyzing products. American 
Testing Bureau, Inc., 


A eu } ork 6, N . } s 


Variable speed changers. ulletin | 
99 describes 
adjustable 

Instrument Co., 4. 


9. Colo. 


ontinuously 
Metron 
Denver 


L-13) 


miniature, ¢ 
( hangers 


32 Lincoln St 


speed 
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AN ALL-PURPOSE 
LABORATORY 


POLI-SCALER 


The DS-606 
easily adaptable 


is a versatile laboratory 
to GM and 
and 


scaler 


scintillation counting frequency 
checks. Pulse height discriminator from 
0 to 100 volts; 


has a high voltage power 


position or negative 
pulses. It 
supply which is variable in one step 
from O to 2.5 KV. The power can supply 
either the GM input or can be used as 


@ power source for accessory equipment. 


Write for folder 77 


5631 CAHUENGA BLVD 
NORTH HOLLYWOOD, CALIF, 








Use post card on last page. 


ELECTRONICALLY REGULATED 


LABORATORY 
POWER SUPPLIES 


RACK MODEL 32 


© 
STABLE 
bd ] 
DEPENDABLE | 
7 


MODERATELY 
PRICED 
« 


INPUT: 105 to 125 VAC, 
50-60 cy 

OUTPUT #1: 200 to 325 
VDC at 300 ma regulated 

OUTPUT #2: 6.3 Volts AC 
CT at 5A unregulated 

OUTPUT #3: 6.3 Volts AC 
CT at 5A unregulated 

RIPPLE OUTPUT: Less than 
10 millivolts rms 


For complete information write 
for Bulletin U-2 


STANDARD 


j 


LAMBDA BLBCTRONICS 


conmnrvoer a 1 oOo WF 
CORONA new yor« 


95 

















FPS HIGH MEGOHMRESISTORS 


FOR DEPENDABLE PERFORMANCE uP To 


50 MILLION MEGOHMS 


gO 





Made with infinite . 
care to achieve sta NR) Type [cage | Meeistanes tet) 
bility. High stability carbon “HBF 1 5 |10 million 3,500 
coating is applied on strong HBR| f° | oo lop ciReelsn’ono 
non-hygroscopic steatite rod. ae, te. 2 it 
Helix coating provides long last length. Polyethlene jacket protects 
against mechanical damage and humidity. Polarization effects and 
noise level extremely minute. Easily mounted. 


Tolerance: Standard is + 10%. Also available + 5%; + 2% to 
10,000 meg. in matched pairs. 


RESISTANCE PRODUCTS CO. 


714 RACE STREET e HARRISBURG, PA. 











SCOPE DOLLY 


Model 1 


Convenient Height and Viewing Angle 
Adjustable to Hold Portable Scopes 
Ball Bearing Swivel Rubber Tired Casters 
Lightweight Aluminum Construction 
Recommended by Laboratories Wherever Used 


$35.00 FOB Lovisville, Ky. 


Formerty manufactured by UNIQUE DEVICES 
Now manvfectured and sold by 


TECHNICAL SERVICE CORPORATION 


3116 Michigan Drive Louisville 5, Kentucky 
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TO CONQUER 
CANCER 


CANCER SOCIETY 


AMERICAN 
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LINEAR 
AMPLIFIERS 


Model 204B Linear Amplifier — 

for use with ionization chambers, scin- 

tillation and proportional counters. Rise time to 0.2 

microseconds, gain to 15,000. Three-position band width switch. 

Dual attenuator, precision calibrated pulse amplitude discrimi- 

nator. Low and high level outputs, self-contained power supply, 
provision for preamplifier. 


Also Model 204C — similar to 204B with separate input time 


constant and rise time controls. 
Fc] Model 306 High Voltage Supply — 
- e low current stabilized supply for 
nuclear, biological, etc., research. Regulation 
under 0.01 percent output change per percent input voltage 
change. 500 to 3000v continuously variable, to 2000v @ 1- ma., 
available with positive or negative output. 
Also Model 316 — same as Model 306 except with 7”°x19” rack 
mount panel; and Model 326, two units, either polarity, on single 
7”x19”" rack panel. 


REGULATED 
H.V. SUPPLIES 


COINCIDENCE 
ANALYZERS 


Model 502 Four Channel Coin- 
cidence Analyzer — resolution of 
0.25, 0.5, 1 or 2 microseconds selectable for each channel. Chan- 
nel deadtime less than 10 microseconds; input pulses positive or 
negative 2 to 100 volts; output, 25v positive pulses to operate 
scalers. Individual! pulse height discriminators for each channel; 
one channel may be used for anticoincidence. 
Also Model 503C Two Channel Anticoincidence Analyzer — for 
low level GM tube measurement; with dual regulated H.V. sup- 
plies, scale of 16 and register. 





PULSE 
GENERATORS 


Model 607 Precision Amplitude Pulse 
Generator — a high accuracy generator of flat top pulses with 
no measurable slope or overshoot to 100 volts. Rise and decay 
time, 1 microsecond or better; high stability, precise calibrated 
attenuator; 30 to 2700 pps.; 10 to 125 microsecond pulse length; 
5 to 120 microsecond pulse delay. Also other pulse and calibra- 
tion generators, including units for incorporation in multichannel 
analyzers. 


THE MULTISCALER 


Model 1060A — latest version of the first 

complete automatic scaler. Scale of 1000 or 

4096; choice of 5 microsecond or 1 micro- 

second resolution; preset time; preset 

count; scale selector; electric register; pulse amplifier 

(Model 1070A); discriminator; regu'ated 400 to 2500 voit 

supply; provision for remote, automatic operation; and many 
other features. Also many other scaler models. 


SALES REPRESENTATIVES 
Ron Merritt Company, Seattle, Wash 
Research Equip. & Service, Chicago, Ill 
Kittleson Company, Los Branch office: Albuquerque, N.M. 
New Haven, Conn.—Branch office: New York, N.Y 
Branch office: Toronto, Canada 
Branch offices: Atlanta, Ga., 
Charlotte, N.C., Tampa, Fla 


Angeles, California 
Professional Equipment Co 
Canadian Marconi, Ltd 
W_ A. Brown & Associates 


Montreal, Canada 
Alexandria, Va.- 
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LINEAR 
PREAMPLIFIERS 


Model 205B Linear Preampli- 

fier — gain of 20 preamplifier for 

use with ionization chambers or other low level, high impedance 
inputs. Obtains power from Model 204 Linear Amplifier and 
matches low impedance input. Low-noise input circuit permits 
high voltage operation. 

Also Model 206A Impedance Changer — powered from 204, 
provides high impedance input for proportional and scintillation 
0-200-2,000-20,000-200,000 CPM. 2% ac- 


counting. 
curacy. Direct, scintillation and GM probe ” - 


inputs. High voltage supply, 400 to 2000v @ | ma., 0.05 per- 
cent regulation. Aural monitor with volume control and output 
for standard 1 ma. pen recorder. Also Model 409 Laboratory 
Monitor — a compact bench monitor for routine contamination 


control, etc. 
Pulse Height Analyzer — for pulse ampli- 


tude distribution studies, with channel base line adjustable to 
100 volts and window settable from O to 7 volts. Can be used 
with Model 204 Linear Amplifier and any of Atomic’s Scalers to 
meet many nuclear laboratory needs. 

Also Model 520 Twenty Channel Differential Pulse Height Ana- 
lyzer. The complete answer for a complete analyzer. 


COUNTING RATE 
METERS 


Model 410 Counting Rate Meter — for 
general laboratory use. Four ranges: 


PULSE HEIGHT 
ANALYZERS 


Model 510 Single Channel Differential 


SCINTILLATION HEADS 
AND CRYSTALS 


223 Universal Scintillation Head — for 5819 
Tube and interchangeable crystals 
and phosphors. For use with: Model 410 Monitor, 
1070A Multiscaler, 204 Linear Amplifiers and other 
of Atomic's equipment. Also hermetically sealed 
crystals for scintillation counting; standardized 
Gamma crystals for uniform performance 
available in several sizes and various 
configurations. 


Model 
Photomultiplier 


GLOW TRANSFER COUNTERS 


wend 


Model 162 Glow Transfer Counter 
MEDICAL RESEARCH AND CLINICAL INSTRUMENTS 


Write for illustrated, indexed catalog. 


ATOMIC 


84 MASSACHUSETTS AVE. 


INSTRUMENT 
COMPANY 


CAMBRIDGE 39, MASS 


AD 


ard on last page 








Unusually versatile in use, nuclear’s “Roto- 
Matic’”’ Model C-110 Automatic Sample Changer 
is designed with simple mechanical operation for 
reliability and long operating life. This compact 
changer (14x 15") uses minimum bench space, 
yet carries up to 50 samples at one time. Any 
number up to 50 can be counted, the cycle 
repeated, or background count recorded. There 
is no time lost with blank positions. All samples 
are counted while fully shielded by 2” of lead. 


Model C-110 operates with any scaler because 
it incorporates eight preset count settings. It 
may also be controlled by a preset time or pre- 
set count scaler, or will provide preset time 


ample Changer 


for 


RADIOLABORATORY 
SAMPLE COUNTING 


operation with any scaler and a suitable timer. The 
associated printer provides a permanent record. 


Heart of the ‘‘Roto-Matic” sample changer is the 
simple three-position “Auto-load” turntable 
which selects a sample, places it in counting 
position within the shield, and loads it into the 
storage sample magazine when the count is 
completed. Both sample magazines are clear 
plastic so that progress can be easily observed. 
Expendable sample carriers and the chrome- 
plated turntable make decontamination easy 
if necessary. 


Model C-110 Automatic Sample Changer is avail- 
able on good delivery. Write for details today. 


nuclear INSTRUMENT & CHEMICAL CORPORATION 


235 West Erie Street 


Chicago 10, Illinois 


Branch Offices: New York, N. Y.—Los Angeles, Calif.—Silver Spring, Md 
Export Department: 13 East 40th St., New York 16, New York 


Cable Address 


@ Scaling Units for Every Type of Radiation Counting 
@ Complete “Packaged” Counting Systems 
@ Health Monitoring Instruments for Personnel Protection 


Arlab, New York 


@ Glass Wall, Mica Window, and Windowless Counters 
@ Portable Count Rate Meters 
@ Radioactive Chemicals 


@ Complete Line of Accessories for the Nuclear Laboretory 


nuclear 
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